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FOR GRINDING CARBIDE-TIPPED TOOLS 





Grinding time is reduced to the absolute minimum, when carbide-tipped DJAMOND WHEELS 
tools are ground with diamond wheels by cARBORUNDUM. Heat generated BY CARBORUNDUM 
during grinding is negligible, therefore there is less danger of cracking the 

sintered carbide tips. High surface finish at the cutting edges gives the tool FOR NEGLIGIBLE 
maximum life between grinds and, consequently, less time out of service. {EAT GENERATION 
Diamond wheel wear is negligible, and the amount of stock removed virtually 

equal to the amount of infeed—therefore the depth of grind is consistent MINIMUM 
around the full circumference of a multi-bladed cutter. This ensures an abso- GRINDING TIME 
lutely concentric circle of all the cutting edges at one setting, without need 

for continual measuring with a dial gauge, and re-setting to compensate for MAXIMUM 
wear of the wheel. TOOL LIFE 
There is no more efficient method of grinding carbide-tipped tools than with 

diamond wheels by CARBORUNDUM. These wheels are available in a variety MINIMUM WEAR 
of dimensions, with a wide range of grit sizes, and with resinoid or metal bond. MINIMUM SETTING 








Grinding a multi-dladed carbide-tipped milling cutter at one setting without coolant, using a resinoid-bonded diamond wheel by CARBORUNDUM with “E.V."' high heat-conduction backing 





Diamond produs ye ARBORUNDUM G 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 PHONE: TRAFFORD PARK 2381 


When replying to advertisements please mention the Journal 
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Slade st1-ve TIMES 


with 
ROCKWELL 


BRITISH PATENT 
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Each Clamp is complete unit 
— no parts to lose. 


Fast easy mounting. 


Accurate and simple 
Height Adjustment. 


Negligible clamp projection 
over workpiece. 


2-position Strap brings 
clamping force close to work. 


Available in 16 sizes. 
Long trouble-free service. 


Write today for illustrated leaflet 


RO C KWEL E LL WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 


MACHINE TOOL LTD. 
ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
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DENHAM’S ENGINEERING CO., LTD. 


HALIFAX 


AUSTRALIA Gibson Battle & Co. Ltd., 535, East Street, Sydney, N.S.W. 


CANADA Sykes Tool Corporation Ltd., Adelaide Buildings, 123-13! 
York Street, Toronto. 


INDIA Machine Tools (india) Ltd., Steph H , Dathousi 
ioe Ghee ) phen House ousie 


ENGLAND 


NEW ZEALAND Teagle, Smith & Sons Ltd., 276-276 Wakefield Street, 
Wellington, N.Z. 


PAKISTAN Machine Tools (Pakistan) Ltd., Nadir House, McLeod Road, 
Karachi, Pakistan. 


SOUTH AFRICA Forest Engineering (Pty.) Led., P.O. Box 6738, Johannesburg, 
South Africa. 
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9 Camomile Street London E.C. 3, England 
Fabricating and Assembly Plants: Slough Eng. Connellsville, Pa. and Gardena, Calif.. U.S.A. Farnham, Quebec, Canada 
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Monks & Crane Ltd 


When replying to advertisements please mention the Journal 
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Drilling and tapping small components... 


—the all-British 





Multimat 


This is the ideal dual-operation 
automatic for small components. The 
machine incorporates three standard 
elements — a drilling unit, a tapping 
unit and an indexing table. All of 
these are driven by their own 
independent motors, and are thus 
self-contained units which can be 
built up, according to users’ require- 
ments, into a special machine which 
is also flexible. This flexibility is a 
great advantage when production 
demands may call for a constant 
changeover from one type of 
component to another. It is, of 
course, necessary to change the 
workholding plates and possibly the 
gears controlling the rate of indexing 
—the units themselves being capable 
of adjustment, within reasonable 
limits, on the individual holding 
coloumns provided. 


9F OS He GVS"VAo* 


MACHINE SHOP EQUIPMENT LTD. 
Spenser Street, London, S.W.I Tel: ViCtoria 6086 
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Whether you grind wet or dry 
NORTON DIAMOND Wheels 


NP tea nstane MD ADs ER 


“ ® 
will fit the job 
4 
i Though our advice on most work is “grind wet”, we offer a range of 
‘ wheels to suit all jobs. For Norton have jong experience in the development 
; : -_—- aan 
: and manufacture of diamond wheels—Resinoid, Vitrified and Metal bonded. 


So if you’re looking for ways of improving and economising on grinding 
cemented carbides — or quartz, ceramics, glass, or whatever it is you are 


cutting with your diamond wheels —think first of NORTON. 


| NORTON ABRASIVES 


Ask your Norton or Alfred Herbert representative to call 


NORTON GRINDING WHEEL CO. LTD. 
Welwyn Garden City, Herts 


he nn Acie 


Enquiries also to 


ALFRED HERBERT LTD., Coventry 





NGW/D/I0! 














Société Genevoise Ltd. 


a Complete range of 


Precision Jig-Borers... 


Meeting the demand for ever-larger capacities in 
jig-boring, Société Genevoise jig-borer capacities 
range from 8 x 8 inches up to 55 x 40 inches. Com- 
prising seven machines, five of which are provided 
with optical settings on projection screens, they 


cover the widest needs in precision jig-boring. 


* a 


Substantial economies in machining time are effect- 
ed by the elimination of the necessity for jigs, the 
precision and rigidity of the machines ensuring 
accurate positioning and alignment of all holes 
machined. 


For literature or further information 
please write or telephone Temple Bar 2126. 





























INCREASE 
your PRODUCTIVITY 


The extreme accuracy and precision of 
these jig-borers allow work to be done in 


very low machining times, thus leading 
to greater output, 


Sogenique Service... 


Area Engineers, together with a works 
equipped to service this precision equip- 
ment, provide country-wide mainten- 
ance. The installation and service 
of these machines is carried out by 
Sogenique (Service) Ltd. under the 
GSIP guarantee. In addition to this, 
prompt service is available whenever 
required, 


HYDROPTIC 8P 


5-6 Brettenham House, Lancaster Place, London, W.C.2 


HYDROPTIC 6 


HYDROPTIC 7P = § 
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MILLS LEDLOY Bright Steel Bars are supplied in a- 
wide size range of Flats, Squares, Hexagons, Rounds 
and Special Sections. 

They contain a small percentage of lead, giving 
greatly improved machining properties to such 
qualities as Freecutting, Casehardening, Carbon, 
Heat-Treated Carbon and Alloy Steels without 
impairing their physical properties in any way. 

Experience has shown that MILLS LEDLOY steels 
give an increase in production from 20% to 100%. 

One or all the following advantages can be obtained: 


INCREASED FEED 
INCREASED TOOL LIFE 
INCREASED CUTTING SPEED 
INCREASED PRODUCTIVITY 


EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS 
WOODLEY «© NEAR STOCKPORT ~- ENGLAND 


WOODLEY 223 f Telegrams “MILLS PHONE WOODLEY 
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discoveries of the Bronze Age 


.... That there is a PARSONS, IMMADIUM OR CROTORITE BRONZE 
specification to meet pretty well every demand in modern engineering. 


.... that the consistent quality of these metals make them highly efficient in 
resisting high temperatures, corrosion and shock. 


. . . - Manganese Bronze and Brass continue to make many discoveries which produce 
alloys of undoubted efficiency. 


IN EXTRUDED RODS, BARS, TUBES AND SECTIONS, AND FORGINGS, 
ROLLED SHEETS AND PLATES. 


THE MANGANESE BRONZE AND BRASS COMPANY LIMITED 


HANDFORD WORKS HADLEIGH ROAD IPSWICH - TELEGRAMS BRONZE IPSWICH + TELEPHONE IPSWICH 2127 
2354 
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The BIRLEC induction surfa 
unit capable of handling a range 


mobile industry for the se 


similar components. 
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can be hardened 




























Specified zones 


under automatic contro! and with 
negligible distortion oF scaling of i 
the work. Quickly interchangeable, | 
4 
: , i | si “ r ; 
standardised control cams and in- Maximum length of work 24 / 
Maximum diameter of work 1y” ; 
ductors permit several different jobs k 
Hardening zone selection a Cam 
to be run economically in successive = Maximum hardening speed --- . IY" /sec- é 
batches. Maximum return stroke speed 6” /sec. 
Typical production 12” stroke . 300/hr. 4 
Illustrated are typical induction ott ( ) | : 
hardened automobile rocker Typical operating cost 0.17d/piece- : 
‘ 
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count on me 
for a quicker 
take-off 

































I'll take-off at speed, complete the circuit 

at a really high rate of knots, old boy, and really 
keep the old shekels tinkling. 

The Chief says I have a head for high speeds, 
electrically butt-welded to the shank. 

The whole Group’s like it—55 of us in all shapes 
and sizes—and everyone’s available for a 
quick take-off right off the shelf. 
We publish a monthly Duty Rota 
(Stock List to you)—why not 
have it sent? 





JESSOP - SAVILLE 


ARKWELD & TRIUMPHWELD 
HIGH SPEED STEEL 
BUTT-WELDED TOOLS 


Lvs 


Enquiries to:- sMALL TOOL{WORKS, PORTLAND STREET, SHEFFIELD, 6. a 


TONAL Visit our Stand No. 509, Ist Floor, 
me a Empire Hall. We are operating a 
MACHINE TOOL tool regrinding and reconditioning 
EXHIBITION 1956 service for the use of other ex- 
June 22-Juty 6 hibitors demonstrating their mach- 
Otymete enon ines with cemented carbide tools. 








WM JESSOP & SONS LT JJ SAVILLE & COLTD 


R MPH WORKS SHEFFIELD 
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QUESTION - 


How would you grind parts like this . .—» 








to make them fit parts like this. .—» 


WITH A CONSTANT CLEARANCE AND 
WITHOUT SELECTIVE ASSEMBLY ? 

















With a GENDRON GRINDER fitted with E.A.M. Mating Equipment, 


which is capable of providing a constant clearance down to .00004” 






(1. Micron). Selective assembly of male and female parts is now 
completely obsolete as each component is AUTOMATICALLY MATED WITH 
AN INCREDIBLE STANDARD OF SURFACE FINISH 


COME AND DISCUSS YOUR MACHINE TOOL PROBLEMS WITH US AND INSPECT THE VERY EXTENSIVE RANGE 
IN OUR NEW SHOWROOMS 





: ; ouruat Anta SEtwenn No PRESURE 
The secret of the amazing finish | *%01g Ano wau 

lies in the ‘fluid bearing’ of 

the “GERRARD” grinding head 

incorporated in this machine. 

A sectional drawing of the 

‘fluid bearing’ is shown on the right. 


Send for full details. 





STANLEY HOWARD L° 
73 DEVON STREET 


SALTLEY BIRMINGHAM 7 
Telephone : ASTon 1275 
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B.S.A. TOOLS LTD 


Makers also of a range of single-spindle automatics built to metric standards—primarily for users of the continental type 


BIRMINGHAM 


to advertisements 
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or trouble-free continuous high-output 


of components up to 2 in. 


including those involving even the 


automatic machining operations 


i spindle 
automatic 
screw 
machines 


With the minimum of attention B.S.A. 
automatic screw machines will maintain 
constant production at the peak of 
efficiency. Every feature of their design 
and manufacture is a contribution to 
their endurance under the most stren- 
uous conditions. Positive lubrication is 
assured by a refinement whereby 
filtered oil is metered to all vital parts 
from a central control point. 

The L design of the large machines 
provides ample chip clearance as well 
as accessibility. The high speeds of the 
smaller machines can be employed 
continuously. We invite you to ask for 
full specifications, attachment and tool- 
ing details, or to let us advise on screw 
machine applications to your produc- 
tion requirements. B.S.A. automatic 
screw machines are fast—accurate— 
reliable. 


EARLY DELIVERY—Y',” 


INTERNATIONAL MACHINE 
TOOL EXHIBITION - 1956 


« ENGLAND STAND 49 - GRAND HALL 


mention the Journal 
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PUZZLE CORNER 7 


Maybe some modern art is bewildering; but let’s be 
fair Perhaps if you were as skilled in art appreciation as 
you are in production engineering, you could answer this 
one too. 


We pride ourselves at Webster and Bennett that we 
know most of the answers when it comes to boring and 
turning, and our customers agree. In fact, our own 
“puzzle corner” is always busy translating customers’ 
drawings into machinable possibilities, and quite often 


remarkably favourable floor-to-floor times result. 










If you have to machine castings and forgings up to 
80” swing, perhaps we can help you. Send us drawings of 
your components; our technicians will be glad to submit 
production proposals. 


HORS G 


A standard Webster and Bennett 
Boring Mill with 60” Chuck, ad- 
mitting 35” under the turret’ 
and 24” under the cross-slide 





WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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0 HARDENING ‘AND TEMPERING, r' 


Yee 


fer: 


Typical ‘high Se diature priistinn 


Stress to give rupture in 300 hours: 
: < &, a3 
Stress to give rupture in*1,000 hours - 


Stress to give 1% totat strain in 10 hours: 


36 tons per square inch -at 400°C 
27 tons per square inch at 500°C 


35 tons per square inch at 400°C 
26 tons per square inch at 500°C 


26.4 tons per square inch at 500°C 


Typical room temperature err - 


_ Max. stress = 43 tons per square inch 


L. of P. - 23.4 per sa inch 


0.1% P.S. - 29.3 tons per square inch Elongation - ~,, 28. Sporaen 
- 13,650 tons per square irich 


Full design data available on request 


os 


SAMUEL FOX & COMPANY LIMITED 


A Subsidiary Company of The United Steel Companies Limited 


STOCKSBRIDGE WORKS 


YJ FNHNAAIGD SN HS VS 
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Make your 
machine line MOBILE 





% STEP UP production 
% REDUCE costs 





By fitting the machines with Barrymount levelling mounts, a whole 


te Machinery that moves production line can be re-arranged to improve the flow 
with the times of work, in a matter of minutes instead of hours . . . or days. 
increases output Plant mobility can increase output and lower production costs. 
Barrymount levelling machine mounts practically eliminate 

* ae wanons vibration. They do away with the old method of bolting 
machinery to the floor or to concrete foundations. Yet the 

% Idle machines standing machines will not “walk.” External shocks and vibration are 
bolted to the floor isolated, cutting down spoilage in precision machining. Noise 
are wasting space from heavy and high-speed plant is reduced to a minimum: this 


means higher worker efficiency. 


pe IN ENGLAND UNDER LICENCE 


) MOUNT LEVELLING MACHINE MOUNTS 


MA 











Write for technical bulletns: 
CEMENTATION (MUFFELITE) LTD., 20 ALBERT EMBANKMENT, LONDON, S.E.II. (RELiance 6556) 
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FACE VALUE 


Did you know that each grain of silicon carbide and of aluminium oxide 

has a long and a short axis? We at CARBORUNDUM exploit this fact in the finer 
grades of our coated abrasives. An electro-static field deposits 

the grains with their working points uppermost on the adhesive backing. 
That is only one detail—literally a matter of face value-—in coated abrasives 
by CARBORUNDUM. What matters to you is results. May our representative 
demonstrate the over-all excellence of our coated abrasives? They 


work faster. They keep on working longer, and that saves money for you. 


Coated abrasive products by CARBORUNDUM 








THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 PHONE: TRAFFORD PARK 2381 
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we are licensed ‘by:*the: British Standards Inggi 
which certifies that™Ziric Alloy Diecastinggéa 





the Kite Mark 
’ the requirements 







in addition to B.S.I. control of zinc alloy Gfeastings produced by us—all 
our production in other metals is subjected to strict quality control by 
our own Metallurgical Laboratory 


the high standards we have imposed 


cost you no more 


DYSON & CO., ENFIELD (1919), LTD. 


SOUTHBURY WORKS PONDERS END MIDDLESEX 
TEL: HOWARD 1484 
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MAGNESIUM ELEKTRON LIMITED 
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Oiling the wheels of industry— 
WATCIE MAINUIFACRUIRIS 


For every modern industrial process there is 
a specialised grade of Sea Shell Lubricant. 


leadership in lubrication 


Copies of this advertisement (in colour) can be obtained from Shell-Memand B.P. Ltd 


When replying to advertisements please mention the Journal 
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pAPHITE. 
COLLOL pAL Gh (Pil 






lubrication 
for high 
temperature 
processes 







‘dag’ colloidal graphite applied to extrusion dies provides 


a thin, dry graphite film which ensures smooth working and improves. : 
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POWER PRESSES 8B 


Very many H.M.E. Presses are employed in the production 
of electronic and allied components throughout the industry ; 
here are some of our machines installed in the excellent 
Press Shop of the G.E.C. Telephone Works, Coventry. 








Our Technical Representatives are at your service and catalogues of Open Front and Double 
Sided Presses ranging from 6 to 300 capacity will be sent to you upon request 


HORDERN. MASON & EDWARDS LTD. 


When replying to advertisements please mention the Journal 
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Arthur Scrivener Limited have been manufacturing 
centreless grinding machines for nearly 25 years, and 
now have a range of machines catering for all classes of 
work from plain production grinding to precision 
plunge-cut work exemplified in the controlled-cycle 
machines also shown here. 


Controlled Cycle 


Controlled Cycle plunge grinding makes possible mass 
production of ground components to limits of -+- 0.00025 
on diameter and 0.0001 for roundness — together with 
a high degree of surface finish. 


Automatic Operation 


The system depends upon varying automatically the position 
of a control wheel in relation to the main grinding wheel. 
Once the work is loaded the control wheel advances whilst the 
grinding operation is carried out. It then moves back to allow 
the component to be ejected, finally returning for the next 


cycle to commence. 


Planned Production 

Production based on automatic cycle times can be planned in 
advance with the assurance that 

this level of production can be 

maintained without effort by 

the average operator. 








MANUFACTURED SY: 


ARTHUR SCRIVENER LTD., TYBURN RD., BIRMINGHAM 


SOLE WORLD AGENTS yee é 
wickK M A N “4 © 3 oe 2 T 


FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY Tel.: Coventry 40351 
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Stations 2, 3, 4 & 5. 
Hydraulic units for drilling, reaming and Station 11. 
counterboring. Hydraulic turnover and gauging station. 








WICK ™M AN @C LIMITED 


FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 
Telephone : Coventry 4035] 








MACREADY’S METAL COMPANY LTD 


London's Leading and Largest Stee! Stockholders 
“Usaspead” Corner, Pentonville Road, London, N.1 - Tel: TERminus 7060 (20 lines). Telegrams: Usaspead, London. Telec, 2-2788 
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The best bright steel 
bars bar none! 





As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive 
industry with stream-lined service and the highest 
quality stocks. 

Twenty well known lines are handled in the large 
and efficiently planned warehouse in Pentonville 
Road, ensuring fast delivery and exact response 
to the customer’s specifications. 

Known throughout the steel industry, Macready’s 
Usaspead Service is a guarantee of quality, 
accuracy, and prompt delivery. 
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FOR GENERAL ENGINEERING 


Made to British, Continental 
and American specifications. 










The largest standard stock range in 
the United Kingdom ... . plain, 
headed, serrated, fixed and slip 
renewable types. Hardened, ground 
and lapped to the highest standard. 


BUSHES FOR PLATE JIGS 


Specially developed for jigs made 
from thin sheet metal, as widely 
used in the aircraft industry. Full 
range of bore sizes. 





BUSHES FOR GLASS FIBRE JIGS 


With the extensive use of glass fibre 
and laminate plastics in jig construc- 
tion we have developed a range of 
special bushes designed to afford the 
most rigid anchorage, radially and 
axially. The recessed serrated type for 
moulded jigs has already been widely 
adopted and can be supplied in a 
complete range of bore diameters. 











TALBOT TOOL CO. LTD. 


Sales Division: 87 BOROUGH HIGH STREET, LONDON, S.E.!. Phone: HOP 3722 
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CLASSICS OF CRAFTSMANSHIP 


_ An inspiration to the modern quest for perfection 





HADRIAN'S GATE, ATHENS 


A form of triumphal arch built in the 2nd century A.D. by 
Emperor Hadrian to commemorate the architectural works 
oe erected at Athens during Roman occupation. 
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mB TOOL COMPANY LTD, 





MACHINE TOOLS 
PRECISION INSTRUMENTS & GAUGES 
PRECISION TOOLS OF ALL TYPES 


Snpereme the Dirld OVE: 


No. 50 Optical Jig Boring Machine 


Coventry Gauge & Tool Go Ltd 


COVENTRY GT. BRITAIN 





When replying to advertisements please mention the Journal 
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! Typical of many such remarks applied to the pantograph system to trace the required 
| Wickman Optical Profile Grinding Machine profile. 
is this considered statement made by a tool- A microscope is incorporated in the final arm 
room supervisor recently. And calling to mind of the pantograph whose path follows the 
some of the complicated and _ uncertain tracing point, outlining the correct profile, the 
grinding improvisations that were previously path of the grinding wheel then being 
the order of the day, his satisfaction can be traversed by manual control to the cross hair 
understood. lines of the projection unit. 
For the production of intricate profiles in Accuracy of the work is not affected by wheel 
hardened steel or tungsten carbide, for gauges, wear, and specially shaped wheels are not 
form tools and punches and split dies for press required: 


tools, there is no simpler system, nor one 


which offers such universal application. INTRICATE PROFILES ACCURATELY REPRODUCED. 


The preparation of a pencil drawing of the By the combined use of the compound slides, 
contour 50 times larger than the form to be set to vernier scales, and the pantograph 
produced is the only preparatory work required. positioned microscope, profiles can be simply 
This is applied to the drawing table on the and positively produced to limits of accuracy 
machine and used in conjunction with the frequently closer than 5/10th of a ‘thou’. 
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Official Opening of 
The Production Exhibition and Conference 


on Wednesday, 23rd May, 1956 





by The Rt. Hon. IAIN MACLEOD, 


Minister of Labour and National Service. 


r= 


of the Institution. In his remarks Mr. Hancock said: “I think, Mr. Minister, 

it should be said that since the last War the Institution of Production 
Engineers has felt the need for an exhibition devoted to research and development 
and their application to production and productivity. Because of its constitution 
this Institution is not able by itself to organise such an exhibition, and we were 
particularly fortunate when Mr. Woodford, our Secretary, was introduced, by a 
mutual acquaintance at the Board of Trade, to Mrs. Montgomery, who had con- 
ceived the idea that with the resources available to her firm (which has been 
organising the Building Exhibition for the past 50 or 60 years) they could organise 
such an exhibition”. Mr. Hancock continued: “It is the desire of the 
; Institution of Production Engineers, in partnership with the Andry 
: Montgomery organisation, that this Exhibition shall continue and become a 
, permanent feature in our industrial life. We think it is right from time to time to 
b show the advances which have been made by scientists and by engineers, and 
particularly production engineers, who are becoming more and more the key men 
of this country. The Institution of Production Engineers, however, is very much 
alive to the proper meaning and interpretation of the words ‘ production’ and 
‘ productivity’ and realises that the human being is the prime mover, both in 
creative thought as well as in the final application of ideas. I feel that we must 

' reach through the mist of distortion and misunderstandings now prevalent, and 
grip firmly the fact that there will always be people, and having grasped this 
inevitable fact, then face the future human problems of our country in national 


harmony. 


\ {HE Minister was welcomed by Mr. E. W. Hancock, M.B.E., President-Elect 





“ All of us—employers, management, workers and Government—must have the 
common objective of the well-being of our country, and by early discussions and 
consultations agree on policies which make it possible for management and men 
in the front line —I want to stress that because there is a front line — to win the 
battle of production for the benefit of our peoples.” 


In introducing the Minister to the meeting Mr. Hancock concluded: 


“We in the Institution of Production Engineers are aware of the great 
responsibility of the Minister of Labour in relation to the many human problems 
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associated with new production and developments, and that is why we are so 
delighted to have the Minister here today, and on your behalf I invite him to 
be so kind as to open this Exhibition.” 











The Rt. Hon. Iain Macleod, Minister of Labour and National Service, said : 
“ This is, as you know, the second Production Exhibition, and as the first one was 
held in 1954 and the third, I see from your programme, is planned to take place in 
1958, it seems to be becoming a regular and a very welcome Conference to be held 
every second year. 


“T should like first of all to offer my congratulations to all those who have 
thought out and planned this Conference ; first of all to the Institution, secondly to 
the organising firm, and then to the British Productivity Council, to the Trades 
Union Congress and to many other bodies who have a finger in this pie. As you, 
Mr. Hancock, said, it is in one way at least rather an unusual Exhibition because it 
does not exist primarily to display products nor, indeed, to stimulate sales, but 
rather to show something of the science of productivity and to demonstrate how you 
in industry are making the best use of manpower, materials and machines. Indeed, 
it is only quite recently that we have come to think of productivity as a science at 
all, but a science it is as this Exhibition illustrates. 


“We have many problems to tackle in industry today, but then we have solved 
many problems in the past and no doubt we can meet these and any that the future 
may bring. We should not conclude from that, however, that time is on our side. 
Time is against us, and as we move forward and seek for these solutions, I think 
we should beware of attaching too much importance to words and of confusing 
slogans with principles. We should beware of thinking that we have done something 
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when we have only said something, and we must not use words as excuses for 
inaction or a substitute for thought. You all know that many phrases, for example, 
‘good human relations’, ‘ work study’, ‘ incentives’ and ‘ automation’ have in turn, 
one by one, tended to dominate our thinking, and I think there is a temptation to 
believe that here at last is the magic key that is going to unlock the future for us. 
But progress is not like that. Real progress, both in human relations and in 
productivity, is much more likely to come from an endless series of small advances 
rather than from isolated dramatic battles. We cannot shuffle off our responsibilities 
by setting up a committee, nor can we evade our duties by the use of soothing and 
glib phrases. I do not believe that we can do an awful lot just by exhortation. It 
seems to me that example is very much better, and example is the true theme of 
this Production Exhibition. 

“Let me for a moment, in the light of what I have said, look at the factors which 
affect production. I, naturally, as Minister of Labour, am most interested in people. 
First of all in any industrial undertaking now, and I would hope always, the major 
part of its efficiency depends on the ability of its workers, and we can develop 
natural ability both by systematic training and by education, and in this age of 
swift technological progress this is a field in which we dare not fail. The trained 
worker, then, must certainly be given opportunities of using and developing his 
skill as part of an industrial team, and he, for his part, must contribute first of all 
the will to work and to do his job efficiently and, secondly and developing naturally 
from that, a pride in good work, I think these are the four factors — training, 
opportunity, will to work and pride in work, which are the pillars of everything that 
we try to do in the field of progress insofar as it affects people. 

“Second to people come things. We cannot afford in this country out-of-date 
equipment. We have to have the newest machines and the most modern techniques, 
because, as you all know, the struggle for markets all over the world is becoming 
keener, and we must be able both to hold our old markets and to seize new ones. 

“ Thirdly, there is the question of policy in the firm. It is not always possible to 
guarantee complete agreement, but at least from the beginning in joint consultation 
the problems of development and expansion must be thrashed out. I think it 
important, too, that management should undertake this, not just because joint 
consultation is a fashionable phrase, but because they care about the welfare and 
the future of those who work with and for them. 

“Lastly, the Government has its responsibilities as technological development 
gains momentum. The Government believes in full employment, but it does not 
believe in frozen employment. There has to be change and there must be a 
readiness to accept change. That includes, of course, change of jobs. Indeed, only 
in this way can we maintain the full employment that we have and that we want 
and mean to keep. 


Demand for New Skills 

“TI do not see the problem of the future as one of labour surplus nor of a 
shortage of demand. I think that the first and most important thing we have to do is 
to educate ourselves so that we can all readjust our mental approach to methods of 
work, Of course, it is true that there will be a gradual change in the composition 
of the labour force. There will be a demand for new and for higher skills, and 
this no doubt will mean that while industry may need fewer and fewer unskilled 
workers, the future will hold greater and greater opportunities for skill. I suppose 
one day i in this country leisure may become a problem ; but we are nowhere near 
that stage yet. In the past technical progress has always been followed by a 
reduction in working hours and by an increased standard of living. If we are wise 
now, and if we are not greedy to mortgage the future, that trend will surely 
continue. Perhaps it is true to say we think rather too little about these problems. 
It is not only governments but industry as well which should be studying them now, 
because the responsibility of industry for its workpeople does not just begin and end 
with the opening and closing of the factory gates. We have an immense task in 
front of us and a great deal of hard work to do, but I believe that the road is clearly 
sign-posted towards a standard of living that is far higher than any that we have 
dreamed of, and I think that the great merit of this Exhibition is that it helps to 
chart the way. 

“We are a small country and we have limited resources. We have tried to do 
much — perhaps too much —on rather too slender a base, but at the same time 
we are a versatile and imaginative people, and we have great reserves of skill as 


(Continued on page 473) 
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The 16 Papers presented to the Production Conference are being published in the Journal. The June 


issue contained the Papers presented at the first four sessions, and this issue contains the following:- 


SESSION V, 25th MAY 


“ Investing in Atomic Energy ” by F. M. Greenlees, B.Sc., M.LE.E., M.I.Mech.E., A.M.LC.E. 


SESSION VI, 25th MAY 


“Investing in Better Fuel Utilisation”’ by L. Clegg, M.B.E., A.M.I.-Chem.E., M.Inst.F. 


SESSION VII, 25th MAY 


“ Investing in Better Factory Design, Construction and Layout ” by Donald Temple Myers, Dip.Arch., 
Dip. T.P., A.R.LB.A. 
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SESSION V 


INVESTING IN ATOMIC ENERGY 


by F. M. GREENLEES, B.Sc., M.I.E.E., M.I.Mech.E., A.M.I.C.E. 





Mr. Greenlees was educated at Glasgow Academy and Glasgow University, graduating 
B.Sc. (Engineering) in 1930. 


After serving apprenticeships with the McFarlane Engineering Co., Glasgow and the 
Harland Engineering Co., Alloa, he held posts with the Harland Engineering Co., 
Glasgow and Alloa, and Bruce Peebles and Co., Ltd., Edinburgh. 


He joined the Air Ministry as an Assistant Engineer in 1935, rising to Senior 
Superintending Mechanical and Electrical Engineer in 1949. Later that year he 
transferred to the Division of Atomic Energy (Ministry of Supply) as Deputy Chief 
Engineer. In January, 1951 he became Chief Engineer (Engineering Services) and 
continued in this post on the formation of the United Kingdom Atomic Energy Authority. 
In March, 1956, he became Consultant to industrial users of nuclear power in the 


Industrial Group of the Authority. 


Mr. Greenlees 


I FEEL that to explain how power is derived from 
atomic energy will be a help to many people who 
are asking themselves why is this country investing 
in atomic energy and devoting an appreciable effort 
to the construction of Nuclear Power Stations. 

As atomic energy can be used as a means of raising 
steam and consequently generating electricity, it can 
therefore take the place of coal or oil in the production 
of power. Similarly, the heat generated in an atomic 
reactor can be converted into motive power and 
hence we have the possibility of atomic energy taking 
the place of marine boilers and possibly, ultimately, 
of the internal combustion engines in some 
applications. 

It is necessary, in order to appreciate the many 
applications of atomic energy, to visualise the nuclear 
reactor purely as a furnace in which heat is generated, 
and to understand that the heat extracted from the 
nuclear reactor is not limited by the temperature of 
nuclear fission, but by the temperature at which 
engineering and metallurgical considerations dictate 
that the fuel elements can be safely operated. 

There are large amounts of heat available from the 
reactor which must then be translated into power by 
a fairly normal thermo-dynamic cycle, and if elec- 
tricity is to be generated by the use of conventional 
type turbines and generators. 





The Atomic Energy Authority is already designing 
and constructing reactors which will be capable of 
producing electricity, and at Calder Hall in Cumber- 
land we are constructing reactors which are a direct 
development of the earlier reactors which were built 
for experimental purposes at Harwell and for produc- 
tion purposes at Windscale, in Cumberland. 


In addition, we have under construction at 
Dounreay in Caithness one of the more advanced 
types of reactor, which is in itself of very small 
dimensions but is also capable of generating appreci- 
able quantities of electrical energy. 


What a Nuclear Reactor is Like 


In order that you may appreciate first of all what 
these reactors are really like, it is as well to commence 
by studying a reactor such as those being built at 
Calder, and Fig. 1 illustrates the basic conception. 
Here we have a reactor core or block built up of 
numerous graphite bricks into a cube with parallel 
holes or channels into which the fuel elements are 
charged, and you will see that control rods and 
shut-off rods can be inserted into or pulled out of the 
reactor block as required, 
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The next illustration (Fig. 2) shows how this basic 
principle is built into a Calder type reactor. 

In this case, the graphite block is built into a 
cylindrical vessel about 40 ft. in diameter by 60 ft. 
high and the fuel elements are charged into and 
discharged out of the reactor from above, thus both 
the fuel elements and control rods are in vertical 
channels. The reactor is cooled by gas under 
pressure and in this case carbon dioxide is used and 
circulated by four large motor driven blowers, the 
hot gases being passed through four independent 
heat exchangers where the heat is transferred into 
the feed water and steam is generated. 

As a complete contrast, Fig. 3, shows the general 
arrangement of the Dounreay reactor in its surround- 
ing steel sphere. Here we have a very small core of 
fuel surrounded by a blanket of fertile material all 
in a small steel vessel only a few feet in diameter. 
In this case, the reactor is cooled by circulating liquid 
metal and both primary and _ secondary heat 
exchangers are used so as to eliminate the presence 
of radio-activity in the secondary heat exchangers 
where the heat obtained from the reactor core is 
transferred to the water cycle to generate steam. 

One has to appreciate that this is a reactor of very 
small dimensions in a large steel sphere, built in this 
manner purely to eliminate the dispersal of gaseous 
bi-products should these be accidentally liberated, 
which is a precaution taken to minimise the possi- 
bility of any hazard to personnel, as this is a highly 
advanced experimental reactor. 
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Fig. 1. Typical arrangement of a reactor core. 
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Fig. 2. Diagrammatic arrangement of the Calder type reactor. 
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ARRANGEMENT OF THE DOUNREAY FAST REACTOR SPHERE 


From these diagrams it will be seen that the one 
prime consideration in any reactor is the fuel and the 
way in which it is prepared, but also of importance 
is the coolant, be it a gas or a liquid, which extracts 
the heat from the reactor core and enables us to 
maintain the temperature of the fuel within con- 
trolled limits. 

In addition, we have in some reactors what is 
known as a moderator and it is used to control the 
manner in which the nuclear reaction is permitted 
to take place. 

In some types of reactor the coolant is also the 
moderator and is being continually changed by being 
circulated round the coolant circuit. 


Some Basic Principles 


Attached to this Paper is a simple Appendix* which 
sets out the basic principles of nuclear fission and 
from this we see that the normal fuel is natural 
uranium, which is made up of 0.7 per cent of the 
fissionable Uranium 235 and 99.3 per cent of Uranium 
238 which is not fissionable. From this Appendix 
we also see that the chain reaction using natural 
uranium gives us Plutonium 239. This is also 
fissionable and can therefore be used as a fuel. 

Just as Plutonium is made by irradiation of 
Uranium 238, Uranium 233 can be made by irradia- 
tion of the next lower element in the atomic scale, 
Thorium 232. Thus we have three fuels which are 
fissionable, Uranium 233, Uranium 235 and Pluto- 
nium 239, the first and last being made by converting 
the fertile elements Thorium 232 and Uranium 238. 
However, Uranium 235 is the only fissionable 
material found in nature. 





* Page 434. 








Now we come to some of the possible coolants which 
may be used and we have first of all the simple 
gases such as hydrogen, helium and nitrogen and 
compound gases such as carbon dioxide, all of 
which have their own particular advantages and 
disadvantages. 

Observing from the Appendix that an average of 
2 to 3 neutrons are given off by each fission of a 
nucleus, it is desirable to use a coolant which has a 
reasonably low ability to capture neutrons, as other- 
wise the sudden disappearance from the reactor 
core of a coolant which had a high capture ability 
would immediately increase the neutron availability; 
and consequently the use of the latter type of coolant 
makes the reactor inherently dangerous. 

Various gases obviously have different thermal 
conductivities but they also require individual 
consideration in regard to their effect on the materials 
from which the reactor and its fuel elements are 
constructed. 

Secondly, we have the liquid coolant of which the 
most obvious, is light water i.e., reasonably pure 
drinking water, and heavy water which is a compound 
of oxygen with the heavy isotope of hydrogen. 

The thermal conductivity of water is, of course, 
well-known, but light water and heavy water have 
different abilities for neutron capture; therefore, 
while the light water cooled reactor is inherently 
dangerous under certain conditions, the heavy water 
reactor is intrinsically safe. 

Alternatively there is a range of liquid metal 
coolants such as sodium, potassium, mercury or their 
alloys which could be operated at higher temperatures 
than water which has to be pressurised to perhaps 
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1000 lb. per square inch to prevent it vapourising; 
therefore, the liquid metal coolant has the advantage 
of higher heat transfer rates for a given amount in 
circulation. 

Certain reactors which are known as thermal 
reactors would use what is called a moderator, 
which could be either a solid material such as 
graphite or beryllium, but alternatively both light 
water and heavy water can be used as a moderator 
as well as a coolant, in which cases the reactor vessel 
is virtually turned into a tank. 

Some reactors would not however use any 
moderator and the neutrons would be allowed to 
operate at their initial velocities without being 
slowed down; and these reactors are known as fast 
reactors. 

It will be seen therefore that with the various fuel 

cycles which can be used and the alternative designs 
of reactors which are possible, both with and without 
moderators and with a variety of coolants, there are 
a multitude of design prospects which will increase 
still further as more advanced materials of construc- 
tion are developed by the metallurgists. 
Pp There is no doubt that design engineers and 
physicists will strive to extract more and more of the 
heat given off by nuclear fission. They will do this 
by considering the suitability of various materials 
and the relative conditions of fuel and coolant which 
will enable them to operate their fuel elements at 
higher and higher temperatures. 


Types of Reactors likely to be Seriously 
Considered 


Within the United Kingdom Atomic Energy 
Authority, we are certain that provided appropriate 
care is taken in the design and that appropriate 
safeguards are applied in their operation, several 
types of reactor are practical propositions and could 
eventually be built and operated as sources of heat 
and power. 

It is not my intention to try and explain in this 
Paper the technicalities involved in the design of 
such reactors, as it is obviously a large subject in 
itself; nor is it necessary to go into the detailed 
engineering problems of construction. 

Quite an appreciable amount, however, has already 
been published on the probable types of reactor 
which are likely to be given serious consideration. 

To assist any of you who may be unfamiliar with 
the fundamental principles of a nuclear reactor you 
should turn, in the first instance, to the Appendix, 
from which it will be clear :— 


1. An atomic nucleus is split in a reactor when 
struck by a free neutron from an atom of fissile 
material, such as Uranium 235 and the 
nucleus then splits into smaller nuclei of 
lighter elements giving off more free neutrons 
and also heat. 


2. Achain reaction occurs when there are several 
free neutrons over and above those lost or 
absorbed in the reactor to continue the process 
of splitting the nuclei of fissile atoms. The 
neutron availability will, of course, depend 








upon the type of fuel used and the amount of 
neutron absorbing non-fissile material present 
in the reactor; observing that neutron loss 
also occurs by dissipation from the outside 
surfaces of the reactor core. 


Now in some types of reactors the neutrons are 
deliberately slowed down to what are called 
“thermal ”’ velocities to improve the chance of 
further fission and this is done by what is known as 
a moderator. In intermediate or fast fission reactors, 
the moderator may be reduced or dispensed with 
altogether. 

Let us for a moment consider the reactors which 
have already been or are being built in this country. 
Both the early experimental reactors at Harwell 
and the two production reactors or piles at Windscale 
in Cumberland, are air-cooled and have graphite 
matrices into which the fuel is charged, the graphite 
acting in each case as a moderator. None of these 
reactors was built for power production and have, 
therefore, no facilities for utilising the heat released 
in nuclear fission, but the second Harwell reactor 
had a heat exchanger fitted in 1948 which provides 
some four million British Thermal Units per hour 
of heat for space heating. This, of course, is only a 
fraction of the available heat and was purely 
experimental. 

At present we have under construction at Calder 
the first major power producing reactors. These, 
as I have said, are also graphite-moderated but are 
gas-cooled, using carbon-dioxide under pressure as 
the coolant. The heat is extracted from the carbon- 
dioxide by four large gas to water and steam heat 
exchangers and power will be developed by conven- 
tional type turbines and generators. 

Now let me express, in approximate terms, some 
of the possible outputs of heat and power of reactors 
worthy of consideration : 


(a) Taking first of all the graphite-moderated 
gas-cooled reactor similar in type to our 
Calder Hall reactors (see Fig. 4), it may have 
a core built inside a pressure vessel of about 
40 ft. in diameter and may hold some 110 tons 
of fuel in one charge. Assuming a heat rating 
of 1 to 2 megawatts per ton of fuel, we ma 
expect to extract about 750 million B.T.U.’s/ 
hour of heat at an upper temperature of 
660°F. So allowing for plant thermal eff- 
ciencies we may expect to generate 45 mega- 
watts of electrical power from such a reactor. 

To some of you this gross electrical power 
for one reactor may seem small compared with 
modern conventional power station capacities, 
but when one realises that 45 megawatts is 
one-third of the power required by the city 
of Birmingham, the figure begins to get into 
perspective. In other words you may consider 
the cost of three 200,000 Ib. per hour water tube 
boilers and their associated plant, two of them 
normally in use, against one such reactor in 
order to draw a comparison which is more 
readily understood. 

Alternatively a graphite moderated reactor 
could be liquid metal cooled and this design 
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DIAGRAMMATIC ARRANGEMENT OF SIMPLE DOUBLE PRESSURE 
STEAM CYCLE FOR USE WITH A GAS COOLED PILE. 


has possibilities because of the higher coolant HEAD TANK 

temperatures to which one may go, which may Fo2=-4 

be of the order of goo°F. qutintien 

In this case the reactor would have a core FIRED 

possibly 25 ft. in diameter and would hold 
say 100 tons of fuel, Assuming a heat rating 
of about 5 megawatts per ton of fuel, we may URBINE ALTERNATO 
expect to extract about 1700 million B.T.U.’s/ 
hour of heat at the temperature I have given. 
So allowing again for plant thermal efficiencies : ee 
we may expect to generate over 100 megawatts 
of electrical power from such a reactor. This 
design introduces appreciable engineering and 
metallurgical problems in pumping liquid 
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metal and in the compatibility of materials. PUMP, 
Next let us consider the possibilities of a reactor | HEAVY WATER CIRCUIT LIGHT WATER ciRCuTT. 
moderated and cooled by heavy water (see +. + 





Fig. 5) which would have a core diameter of 
about 8 ft. This core situated in a tank about 
10 ft. diameter would hold say 10 to 12 tons 
of fuel and might have a rating of 4 to 6 
megawatts per ton. We may expect to extract 
about 250 million B.T.U?s/hour at temperatures 
up to 525°F. provided the coolant system, 
i.e., the heavy water circulating system, is TEMP ar ae EXCHANGER. 
pressurised to 1000 lb. per square inch. 

I should say perhaps that this heavy water 
is not something for drinking at a few pence 
per thousand gallons, but is as I have mentioned 
a compound of oxygen with a heavy isotope 
of hydrogen and may cost at least £250 a 
gallon. 

Allowing again for plant efficiencies, we 
might expect 15 megawatts of generated 
electrical power from such a reactor, but as Fig. 5. Diagrammatic arrangement for a heavy water 
this is a comparatively small power output cooled reactor. 
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Fig. 6. 


these days, several of these reactors could be 
grouped together to give the desired electrical 
capacity, observing that each of these reactors 
is itself reasonably small. 

The maximum size of such a reactor, for 
practical purposes, would probably be fixed 
by the limitations inherent in the design of 
large high pressure vessels. 


As an alternative we could consider a reactor 
using light water, that is to say reasonably pure 
H,O, both as the moderator and the coolant. 

This reactor can also be built in a pressure 
vessel to prevent boiling the water and the 
heat can be extracted by normal heat ex- 
changers. Alternatively it could be designed 
as a flash boiler and thus eliminate the heat 
exchangers (see Fig. 6). The light water 


reactor core would be around 10 to 12 ft. 
in diameter built in a vessel of, say, 12 to 14 ft. 
diameter and being taller than the heavy water 
reactor would hold about 50 tons of fuel. 
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Diagrammatic arrangement for a light water 
cooled reactor. 





Again assuming a heat rating of 4 to 6 
megawatts per ton and allowing for the vessel 
to be pressurised to 1000 lb. per square inch, 
we might extract about 1000 million B.T.U.’s/ 
hour from the reactor at the same temperature 
525°F. This, allowing again for plant effi- 
ciencies, represents about 60 megawatts of 
generated electrical power. 

It may be a little misleading that the heat 
would be extracted at a lower temperature 
from both the heavy water and light water 
reactors than from a gas-cooled reactor, but 
owing to the higher circulation possible with a 
liquid coolant the turbine steam conditions may 
be very similar in each case. 

In addition, it may be desirable from an 
overall efficiency point of view to instal 
a separately-fired superheater to improve 
the steam conditions. 


Now if we consider a fast fission reactor without 
any moderator and cooled by liquid metal such 
as lead, mercury, sodium or sodium potassium 
alloy, it is estimated that such a reactor can 
breed more fissile material than it consumes. 
We can then work with a core size of only 
some 2 or 3 ft. diameter, in a vessel only slightly 
larger surrounded by a uranium neutron 
reflector contained in a still larger vessel 
(see Fig. 7). 

As I mentioned previously our new reactor 
at Dounreay in Caithness is being built on 
these lines. 

A fuel richer in fissile material than natural 
uranium would be necessary, and heat ratings 
of 70—100 megawatts per ton of fuel might 
be possible. Assuming the size I have given 
would hold about 2000 lb.of fuel, and observing 
that the heat transfer properties of these liquid 
metal coolants will permit the extraction of 
considerably more heat per unit mass of fuel, 
we might expect to extract around 200 million 
B.T.U.’s/hour at an upper temperature of 
660°F. or even higher. 

We can then obtain about 15 megawatts of 
generated electrical power from the minimum 
size of reactor. 


Lastly, there is the homogeneous type of 
reactor in which the fuel is in solution or in 
suspension in the liquid coolant and the entire 
hot solution is pumped round through the 
primary heat exchangers and thus permits still 
more efficient heat extraction (see Fig. 8). 
With this type of reactor the designer is not 
restricted in fixing his upper temperature by 
the metallurgical problems of providing canned 
fuel elements as in the first four types of 
reactors, and chemical processing of the fuel 
can be carried on continuously in a by-pass 
system. Large savings in chemical plant, 
fuel element preparation shops and de-canning 
ponds can be achieved in this design. This 
type of reactor could be produced in various 
sizes and might have a rating of 15 to 20 
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Fig. 8. Diagrammatic arrangement for a 


Diagrammatic arrangement for a fast 
fission reactor. 
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megawatts per ton of basic fuel and con- 
sequently we might expect to extract some 
50 to 70 million B.T.U’s/hour per ton of fuel 
in the cycle. 

The heat in this case is likely to be extracted 
at very high temperatures only limited by 
metallurgical considerations of the circulating 
system materials, and possibly in the region 
of goo°F. in the first instance. It should be 
appreciated, however, that the electrical power 
obtained from such a reactor will vary with 
the tonnage of fuel in use and only the normal 
engineering limitations to the size of the plant 
will apply. 

A reasonable estimated output would be 
60 megawatts and it may be interesting to note 
in addition that one American paper has put 
the fuel burn up of this type of reactor as low 
as .002 lb. per megawatt day and this is 
probably a fair estimate. 


Perhaps it would be helpful for the purposes of 


comparison if I sum up these reactor perfor- 


mances and assess them in terms of coal and oil. 


homogeneous type reactor. 
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Bearing in mind that it takes nearly 470 tons of coal 
or 260 tons of oil per annum to maintain a heat 
output of a million B.T.U.’s/hour and 4,500 tons 
of coal or 2,500 tons of oil per annum per megawatt 
of electricity generated assuming a 30- per cent 
efficiency, the anticipated outputs of the five types 
and sizes of reactor I have mentioned would come 
out very roughly as follows :— 
The graphite moderated gas-cooled reactor 
with 110 tons of fuel and an electrical output 
of 45 megawatts would have a fuel burn-up of 
about 160 Ib. per annum against an equivalent 
yearly consumption of 200,000 tons of coal 
or 110,000 tons of oil. 

A graphite moderated liquid metal cooled 
reactor with 100 tons of fuel and an electrical 
output of 100 megawatts would have a fuel 
burn-up of about 400 lb. perannum against 
an equivalent yearly consumption of 460,000 
tons of coal or 250,000 tons of oil. 

The heavy water reactor with 10 to 12 
tons of fuel and an electrical output of 15 
megawatts would have a fuel burn-up of about 
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56 lb. per annum against an equivalent yearly 
consumption of 67,500 tons of coal or 36,500 
tons of oil. The light water reactor with 50 
tons of fuel and an electrical output of 60 
megawatts would have a fuel burn-up of about 
230 lb. per annum against an equivalent yearly 
consumption of 275,000 tons of coal or 150,000 
tons of oil. 

The fast fission reactor with only 2000 lb. 
of fuel in the core and an electrical output of 
15 megawatts would have a fuel burn-up of 
about 48 lb per annum without allowance for 
breeding against an equivalent yearly con- 
sumption of 67,500 tons of coal or 36,500 tons 





of oil, and the homogeneous reactor with say 
10 tons of basic fuel and an electrical output 
of 60 megawatts would have a fuel burn-up 
of about 156 1b. per annum against an equiva- 
lent yearly consumption of 275,000 tons of coal 
or 150,000 tons of oil. 

In other words, from each ton of uranium 
fuel charge in the larger power reactors I 
have mentioned, we may have an average 
yearly burn-up rate of 3 lb. which would be 
producing the equivalent heat of 4,000 tons 
of coal or 2,160 tons of oil per annum. 

These estimated figures can be tabulated for quick 
reference as follows :— 





























Equivalent annual 
Type of Approx. wt. | Elec. power | Burn-up in consumption in Equivalent process | Equivalent available 
Reactor of fuel rating Ib. p.a. tons of coal or steam production in Shaft Horse Power 
charge M.W. oil lb. hour at 100 p.s.i. (B.H.P.) 
coal oil 
— 
Graphite- 
moderated 110 tons 45 M.W. 160 |b. 200,000 110,000 575,000 58,000 
gas-cooled 
Liquid Metal 
Cooled Graphite 100 tons 100 M.W. 400 lb. 460,000 250,000 1,300,000 130,000 
Moderated 
Heavy water 10-12 tons 15 M.W. 56 |b. 67,500 36,500 200,000 19,000 
reactor 
Light water 50 tons 60 M.W. 230 lb. 275,000 150,000 775,000 77,000 
reactor 
Fast fission 2000 lb. 15 M.W. 48 lb. 67,500 36,500 150,000 19,000 
reactor 
Homogeneous 10 tons 60 M.W. 156 lb. 275,000 150,000 525,000 77,000 
reactor 
































Now admittedly uranium is a processed fuel which 
is expensive but the country’s resources of coal are 
limited and the cost of mining and delivering it are 
constantly rising. 

Many of you will believe that this trend is likely 
to continue. 

Some people may even claim that it is no longer 
desirable to burn coal purely for its heat of combustion 
as it is obviously such a valuable product for chemical 
processing. It is therefore of great importance that 
ways of using the heat from nuclear fission should be 
developed along all practical lines. 

Having made these statements on the heat and 
power expectations from various reactors and having 
drawn some rough ccmparisons with coal and oil 
consumptions, it would be only fair to say that capital 
costs will, in the early stages of development, prove 
high, but will be reduced in time when engineers 
and metallurgists develop new materials of construc- 
tion so that the reactors can be operated at higher 
temperatures. 

Heat exchangers and other reactor auxiliaries are 
of course essential, and for the present one would 
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tend to use fairly conventional generating plant. 
It is, of course, necessary to provide biological 
shielding to protect the operating personnel against 
the harmful effects of radiations from the reactor core 
and this represents an appreciable proportion of the 
capital cost. 


In the first nuclear power station at Calder Hall 
we hope, however, to generate electrical power at 
about 3d. per unit and in the first of the new atomic 
stations to be built by the Central Electricity 
Authority under the recent Government White 
Paper, it seems that it may be possible to generate 
power at a cost of o.6d. per unit allowing due credit, 
as fuel, for the plutonium produced. 


Bearing in mind that the heat extracted need not 
necessarily be converted into electrical energy, 
process steam, raising or space heating could also be 
undertaken on a very large scale at a running cost of 
about 3s. 8d. per thousand Ib. of steam, including the 
cost of electricity made available for the reactor 
auxiliaries, either from a separate supply or generated 
from the reactor heat output itself. 
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Problem of Electricity Generation, Process 
Steam Raising and Production of Motive 
Power 


Having considered some six alternative approaches 
to reactor design and their possible performances, 
it may be useful to consider for a moment how each 
of these designs would apply to the production of 
electricity, steam (or heat) and motive power. 

If any reactor is to work at all there is a minimum 
amount of fuel required for the reactor to become 
divergent, that is to say, for the chain raction to 
continue. 

This of course depends upon the enrichment of 
the fuel, observing that natural uranium, as mined, 
hasonly 0.7 per cent of the fissionable isotope Uranium 
235. Obviously fuels richer in Uranium 235 or 
Plutonium 239 and also Uranium 233, as opposed to 
the non-fissile isotopes Uranium 238 and Thorium 232, 
will maintain a chain reaction with smaller quantities 
in the core and consequently reduce the overall size 
of the reactor. The richer fuels are however going 
to prove more expensive and in design one would, 
therefore, have to strike an economic compromise 
between capital construction costs and running costs. 

For certain purposes, particularly in the production 
of motive power, space considerations may be over- 
riding and therefore smaller reactors with richer fuels 
may be used. 

Within this compromise it is possible to group those 
reactors which are likely to be static and those which 
could in certain circumstances be transportable, for 
example in the form of marine propulsion. 

Normally all the types of reactors I have described 
fall into the first category and one would visualise 
for power generation gas or liquid metal-cooled 
graphite-moderated reactors in the first instance, 
(see Fig. 2), followed possibly later on by fast fission 
or homogeneous reactors, although heavy water and 
light water reactors would also have their uses. 

The fast fission reactors which have the ability 
to breed more fissile material than they consume are 
to some extent complementary to the large graphite- 
moderated reactors, as they can use as a fuel the 
plutonium manufactured in the latter type. 

When it comes to the problem of producing motive 
power the designers are going to be investigating 
ways and means of reducing the overall size and 
weight of the reactor which, let it be remembered, 
is purely the source of heat and will require to be 
followed by a fairly conventional thermodynamic 
cycle for the production of mechanical power. 

For this purpose one visualises that there would be 
objections to the use of the larger graphite-moderated 
natural uranium reactors with their pressure vessels 
and heavy shielding, and that designers may turn to 
the fast fission or homogeneous reactors in order to 
have a very small core size and consequently reduce 
the weight of shielding that is required. 

For certain applications there are possibilities of 
using pressurised light and heavy water reactors 
using the water both as a moderator and coolant. 
This would be particularly true of the heavy water 
reactor if the cost of producing heavy water can be 
reduced, 





One of the problems determining the advance of 
this type of reactor will be the development of pressure 
vessels for higher and higher pressures. 

In our land-based reactors, for the production of 
steam or electricity, shielding could be conveniently 
carried out in special grade concrete. When one 
considers that this may be of the order of six feet thick 
all round the reactor vessel, its size can be readily 
imagined. 

Conversely alternative types of shielding, for 
example steel and lead, could be considered when 
smaller reactors are being designed for the production 
of power. 

In cases where the saving of weight and space are of 
paramount importance and more costly materials 
may be used, designers may consider complex 
shielding using layers of neutron-absorbing material. 


The Government White Paper Plan 


The first industrial application of nuclear energy 
which is going to affect us all is the Government’s 
decision to go ahead with the construction of nuclear 
power stations throughout the country, published 
in the White Paper in February last year, and it is 
appropriate at this stage I think to draw attention 
to certain points made in that Paper. 

Fig. 9 shows the build up of electricity consump- 
tion, installed capacity and fuel used in this country 
between the years 1900 to 1955 and from these curves 
the annual increases in electricity demand, which 
have taken place, can readily be appreciated. 

The use of electricity is now increasing at an 
average rate of about 7 per cent a year, which means 
that consumption is doubling every 10 years and 
there is little sign of reaching saturation in this 
country for many years to come. 

The demand for electricity is still expected to 
increase rapidly and is likely to be about 3} times 
its present level in 20 years time. 

The capacity of the public electricity supply 
system in this country at the end of 1954 was around 
20,000 megawatts, whereas the total generating 
capacity estimated to be required in 1975 would be 
of the order of 57,000 megawatts and while some 
proportion of this would be supplied from hydro- 
electric stations and the thermal efficiency of coal 
fired power stations may continue to improve, the 
coal required for this capacity would be about 100 
million tons or about 2} times as much as at present 
consumed. Although it is possible that some of the 
power stations would by then be operating on oil, 
by 1975 the rate of coal consumption might be 
rising by 4 to 5 millions tons a year. 

In addition, every million tons of coal saved by 
burning oil means importing over half a million tons 
of oil. 

With the Government’s investment in nuclear 
power proposed in the White Paper, some 30 to 40 
million tons of coal a year would be saved for the 
other users of solid fuel, whose demand would have 
been steadily rising in the intervening years. Although 
production of coal in this country has increased in the 
last 10 years,the production is unlikely to increase 
at the rate required to meet the increasing demand 
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for power, which will bring with it the opportunity 3. The construction of four more stations starting 
for higher productivity throughout the country. perhaps in 1960 with a further four, 18 months 
As an initial contribution to the additional electri- later. These might come into operation in 
city required up to 1975, the Government’s policy 1963-64 and 65. ‘These stations are likely to 
is to construct twelve nuclear power stations to the be much more highly rated than the reactors 
following programme (see Fig. 10) :— in the first four stations and may be develop- 
Two stations with gas-cooled graphite- ments in the gas-cooled graphite-moderated 
moderated reactors starting about the middle types or in the liquid metal-cooled type in the 
of next year and coming into operation in latter cases. 
1960-61. On the assumption that nuclear stations would be 
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Two further stations operating 18 months 
later and having similar reactors but of 
improved performance. 


operated as base load stations they would, by 1965, 
be producing electricity at the rate equivalent to 
that produced from 5 to 6 million tons of coal a year. 
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The plutonium from the early reactors would 
begin to become available in 1964 and would be 
available for enriching the fuel charges in later and 
probably liquid-cooled reactors, so that one can 
visualise a complementary chain of power stations 
throughout utilising both natural uranium and later 
on the more enriched fuels, depending on the 
particular design of the reactors in use. 

The cost of this 10-year programme is estimated 
to be around £ 300,000,000, offset against which there 
would, of course, be the expenditure which would 
otherwise have been incurred by the electricity 
authorities providing new coal or oil-fired generating 
capacity in the absence of nuclear power. Con- 
sequently savings in the investment programme of the 
National Coal Board some years hence should also 
result, quite apart from the fact that we may have to 
conserve our available resources of solid fuel for 
other demands. 

It has been estimated in the Government White 
Paper that electricity could be produced from the 
first industrial nuclear power stations at about o.6d 
per unit allowing due credit for the plutonium 
produced, quite apart from any improvement in 
efficiency which may be built into the later stations. 

Bearing in mind the increased cost of coal delivered 
to the power stations in this country, it may prove 
to be economical from about 1965 onwards to build 
nuclear power stations instead of conventional 
stations, as cheap power is an asset to an industrial 
country such as this and will have an immediate 
effect upon the costs of production. 

The increased generating capacity required by 
1965 and by 1975 with the estimated build-up of 


nuclear power is shown in Fig. 11. 


Details of the Calder Project 


I do not think that my remarks on power produc- 
tion from reactors would be complete without 
mentioning some of the details of our two Calder 
reactors, which will comprise the first nuclear power 
station in this country and will be the forerunners 
of the industrial power stations to be built by the 
Electricity Authorities. The Calder Hall reactors 
have already been shown on television and photo- 
graphs of them under construction have been pub- 
lished in many of our national newspapers, so I have 
no doubt that some of you will remember their size. 
Contrary to some reports that have already been 
issued, the first of these two reactors will be working 
during the second half of this year. An artist’s 
impression of the site is shown in Fig. 12. 

As I have said, these are graphite-moderated 
reactors cooled by carbon-dioxide gas under pressure 
and a general diagrammatic arrangement of the 
reactor can be seen by referring again to Fig. 2. 

It will be seen that the core of the reactor is 
surrounded by a concrete biological shield several 
feet thick. This shield is octagonal and is protected 
from thermal and radiation effects by a thermal 
shield!made of 6-inch mild steel plate. 

Induced draft air-cooling is supplied to the space 
between the thermal shield and the biological shield 
and the outlet air is exhausted 200 ft. above ground 
level from the two stacks on the pile building. 





The mass of graphite moderator weighing over 
1,000 tons is contained in a cylindrically-shaped 
pressure vessel. The machined graphite blocks have 
vertical uranium charge and control rod channels, 
the adoption of vertical channels simplifying the 
graphite structure and making the design of the 
coolant circuit more convenient. 

The weight of the graphite is taken on a diagrid 
structure which consists of an “I’’ section ring girder 
spanned with steel girders forming a rectangular 
lattice (see Fig. 13). Across the members of the 
diagrid lattice are bolted 4 in. thick steel base plates 
which have holes in them to coincide with the channels 
in the graphite. The base plates support the graphite 
through a number of races which allow for differential 
thermal expansion of the diagrid and graphite. 

The weight of graphite and diagrid is taken by 
brackets directly through the walls of the pressure 
vessel on to ten inverted “A” frames which rest on 
the thermal shield. These “A” frames are loosely 
bolted to the brackets on the’ pressure vessel and 
on to the thermal shield, the three contact surfaces 
of each “‘A’’ frame being radiused. In this manner, 
allowance is made for radial thermal expansion of 
the pressure vessel and diagrid, when the “‘A”’ frames 
roll slightly out of the vertical and the bolts ensure 
that the rolling surfaces do not slip. 

The pressure vessel is of 2 in. welded steel plate 
and is about 40 ft. in diameter and approximately 
60 ft. high. The construction of the vessel provided 
a novel and interesting job. Fabrication was carried 
out on the site, all parts (except the inlet manifold) 
arriving piecemeal. Extensive site welding facilities 
were set up and the vessel was built into five main 
sections, namely the bottom dome, the two parallel 
centre sections, the diagrid and finally the top dome. 

As each section was completed, it was transported 
to the lifting area where a 100-ton crane was used to 
hoist the sections and to lower them through the pile 
vault roof, the final welds being completed in situ. 
Each butt weld was radiographed and all-important 
fillet welds were examined by crack-detection 
techniques. 

The task of stress relieving the completed vessel 
was achieved by radiant heating which required a 
peak electrical load of about 14 megawatts. The 
vessel temperature was brought up to over 550°C and 
held there for 8 hours before being allowed to cool 
slowly and evenly. 

The vessel was then subjected to pressure test. The 
use of hydraulic testing techniques would have over- 
loaded the structure and for this reason a pneumatic 
test was carried out. A constant check on the be- 
haviour of the vessel was maintained by means of 
strain and other gauges. 

The final test was under vacuum at 1/1oth of an 
atmosphere pressure and was done by means of the 
large rotary vacuum pump which is part of the 
operational equipment required for exhausting the 
vessel when charging or changing the CO, coolant. 

The reactor charge and discharge arrangements 
are accommodated no the pile vault roof along with 
the pile control and shut off gear. Emerging from 
the reactor top dome are the charging tubes which 
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for higher productivity throughout the country. 

As an initial contribution to the additional electri- 
city required up to 1975, the Government’s policy 
is to construct twelve nuclear power stations to the 
following programme (see Fig. 10) :— 

1. Two. stations with gas-cooled graphite- 

moderated reactors starting about the middle 
of next year and coming into operation in 


1960-61. On 


later and having similar reactors but of be pr 
improved performance. that p 
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for power, which will bring with it the opportunity 3. The construction of four more stations starting 


perhaps in 1960 with a further four, 18 months 
later. These might come into operation in 
1963-64 and 65. These stations are likely to 
be much more highly rated than the reactors 
in the first four stations and may be develop- 
ments in the gas-cooled graphite-moderated 
types or in the liquid metal-cooled type in the 
latter cases. 


the assumption that nuclear stations would be 


2. Two further stations operating 18 months operated as base load stations they would, by 1965, 


oducing electricity at the rate equivalent to 
roduced from 5 to 6 million tons of coal a year. 
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The plutonium from the early reactors would 
begin to become available in 1964 and would be 
available for enriching the fuel charges in later and 
probably liquid-cooled reactors, so that one can 
visualise a complementary chain of power stations 
throughout utilising both natural uranium and later 
on the more enriched fuels, depending on the 
particular design of the reactors in use. 

The cost of this 10-year programme is estimated 
to be around £300,000,000, offset against which there 
would, of course, be the expenditure which would 
otherwise have been incurred by the electricity 
authorities providing new coal or oil-fired generating 
capacity in the absence of nuclear power. Con- 
sequently savings in the investment programme of the 
National Coal Board some years hence should also 
result, quite apart from the fact that we may have to 
conserve our available resources of solid fuel for 
other demands. 

It has been estimated in the Government White 
Paper that electricity could be produced from the 
first industrial nuclear power stations at about o.6d 
per unit allowing due credit for the plutonium 
produced, quite apart from any improvement in 
efficiency which may be built into the later stations. 

Bearing in mind the increased cost of coal delivered 
to the power stations in this country, it may prove 
to be economical from about 1965 onwards to build 
nuclear power stations instead of conventional 
stations, as cheap power is an asset to an industrial 
country such as this and will have an immediate 
effect upon the costs of production. 

The increased generating capacity required by 
1965 and by 1975 with the estimated build-up of 
nuclear power is shown in Fig. 11. 


Details of the Calder Project 


I do not think that my remarks on power produc- 
tion from reactors would be complete without 
mentioning some of the details of our two Calder 
reactors, which will comprise the first nuclear power 
station in this country and will be the forerunners 
of the industrial power stations to be built by the 
Electricity Authorities. The Calder Hall reactors 
have already been shown on television and photo- 
graphs of them under construction have been pub- 
lished in many of our national newspapers, so I have 
no doubt that some of you will remember their size. 
Contrary to some reports that have already been 
issued, the first of these two reactors will be working 
during the second half of this year. An artist’s 
impression of the site is shown in Fig. 12. 

As I have said, these are graphite-moderated 
reactors cooled by carbon-dioxide gas under pressure 
and a general diagrammatic arrangement of the 
reactor can be seen by referring again to Fig. 2. 

It will be seen that the core of the reactor is 
surrounded by a concrete biological shield several 
feet thick. This shield is octagonal and is protected 
from thermal and radiation effects by a thermal 
shield[made of 6-inch mild steel plate. 

Induced draft air-cooling is supplied to the space 
between the thermal shield and the biological shield 
and the outlet air is exhausted 200 ft. above ground 
level from the two stacks on the pile building. 





The mass of graphite moderator weighing over 
1,000 tons is contained in a cylindrically-shaped 
pressure vessel. ‘The machined graphite blocks have 
vertical uranium charge and control rod channels, 
the adoption of vertical channels simplifying the 
graphite structure and making the design of the 
coolant circuit more convenient. 

The weight of the graphite is taken on a diagrid 
structure which consists of an “I”’ section ring girder 
spanned with steel girders forming a rectangular 
lattice (see Fig. 13). Across the members of the 
diagrid lattice are bolted 4 in. thick steel base plates 
which have holes in them to coincide with the channels 
in the graphite. The base plates support the graphite 
through a number of races which allow for differential 
thermal expansion of the diagrid and graphite. 

The weight of graphite and diagrid is taken by 
brackets directly through the walls of the pressure 
vessel on to ten inverted “A” frames which rest on 
the thermal shield. These “A” frames are loosely 
bolted to the brackets on the’ pressure vessel and 
on to the thermal shield, the three contact surfaces 
of each “‘A’”’ frame being radiused. In this manner, 
allowance is made for radial thermal expansion of 
the pressure vessel and diagrid, when the “A’’ frames 
roll slightly out of the vertical and the bolts ensure 
that the rolling surfaces do not slip. 

The pressure vessel is of 2 in. welded steel plate 
and is about 40 ft. in diameter and approximately 
60 ft. high. The construction of the vessel provided 
a novel and interesting job. Fabrication was carried 
out on the site, all parts (except the inlet manifold) 
arriving piecemeal. Extensive site welding facilities 
were set up and the vessel was built into five main 
sections, namely the bottom dome, the two parallel 
centre sections, the diagrid and finally the top dome. 

As each section was completed, it was transported 
to the lifting area where a 100-ton crane was used to 
hoist the sections and to lower them through the pile 
vault roof, the final welds being completed in situ. 
Each butt weld was radiographed and all-important 
fillet welds were examined by crack-detection 
techniques. 

The task of stress relieving the completed vessel 
was achieved by radiant heating which required a 
peak electrical load of about 14 megawatts. The 
vessel temperature was brought up to over 550°C and 
held there for 8 hours before being allowed to cool 
slowly and evenly. 

The vessel was then subjected to pressure test. The 
use of hydraulic testing techniques would have over- 
loaded the structure and for this reason a pneumatic 
test was carried out. A constant check on the be- 
haviour of the vessel was maintained by means of 
strain and other gauges. 

The final test was under vacuum at 1/1oth of an 
atmosphere pressure and was done by means of the 
large rotary vacuum pump which is part of the 
operational equipment required for exhausting the 
vessel when charging or changing the CO, coolant. 

The reactor charge and discharge arrangements 
are accommodated no the pile vault roof along with 
the pile control and shut off gear. Emerging from 
the reactor top dome are the charging tubes which 
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Fig. 12. An artist’s impression of the Calder 
Project. 





Fig. 13. Looking down the half-finished pressure 
vessel to the diagrid. 






















terminate at the upper surface of the pile vault roof. 
An overhead crane lowers the charge chute into the 
desired charging tube, and the charge machine 
supplies fuel elements from a magazine. Conversely, 
the discharge machine removes spent fuel elements by 
withdrawing them up the charge chute and placing 
them in a basket where they are kept cool. The basket 
is lowered into a coffin at the bottom of the discharge 
well, the coffin lid is automatically positioned and the 
coffin is withdrawn from the discharge room to be 
transported to the cooling pond. 

The control rods and shut-off rods are made of 
stainless steel tube lined with boron steel fillers and 
are suspended through the roof of the pile. 

The hot CO, coolant is led away from the top of 
the pressure vessel by circular mild steel ducts of 
4 ft. 6 in. diameter to the four heat exchangers which 
are situated at the corners of the pile building 
(see Fig. 14). The cool CO, coolant from the base of 
each heat exchanger is boosted by four main blowers 
and returned to the inlet manifold at the base of the 
pressure vessel. Motorised isolating valves of the 
wedge gate type are included in each hot and cold 
duct and flow cascades are fitted at the bends of 
the ducts. The problem of accommodating the large 
thermal expansions between the pressure vessel and 
the heat exchangers under various conditions of 
operation was solved by the use of “‘ hinged bellows ”’ 
in the ducts. The duct flexibility is obtained from 
the bellows, which are of welded steel plate, while the 
thrust due to the internal pressure of the gas is taken 
by the pin joint in the bellows assembly. The whole 
of the duct structures are carried on spring-type 
constant load supports. 


Fig. 14. 
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The four CO, coolant blowers are of the single stage 
centrifugal type with an overhung impeller. The 
overhung impeller arrangement has the advantage 
of requiring only one gland, but it has the additional 
advantage of facilitating an arrangement in which 
the gland and bearings can be so located that access 
to them can be obtained without exposure to radia- 
tion which is above tolerance level. The gland is of 
the face seal type. 

It was decided that control of the mass flow of 
coolant could best be carried out by controlling the 
speed of rotation of the blowers in preference to 
varying the static pressure of the coolant system as a 
whole, thus the D.C. motors which develop some 
1800/2000 H.P. each are supplied from motor 
generating sets in the blower house which permit 
the blower speed to be varied over the range of 10 : 1 
on the Ward Leonard system. About 2 per cent. of 
the mass flow through each blower is taken from the 
downstream side of the blower, filtered and re- 
introduced to the system on the upstream side of the 
blower with a view to preventing the accumulation 
of graphite dust and iron oxide in the coolant system. 
A constant check is kept on the water content of the 
coolant, which is kept down by alumina drying units 
which hold the dew point of the CO, below the 
necessary limit. 

As in the Windscale piles, continuous monitoring 
of the coolant gas stream for the detection of burst 
fuel elements is also carried out. 

Over 20 tons of carbon dioxide are required to 
complete the filling of the reactor and coolant circuits. 
Charging is carried out by exhausting the system and 
then admitting CO, which is generated from four 
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liquid CO, storage tanks. Purging by repeated 
charging and discharging is necessary in the first 
filling. 

Each of the four heat exchangers is contained in a 
vertical steel pressure shell of 1 in. steel plate; they 
are about 18 ft. in diameter and some 7o ft. high. 
The 30,000 sq. ft. of water heating surface comprising 
high pressure and low pressure economiser, evaporator 
and superheater sections is made of 2 in. overall 
diameter mild steel tubing through which the water 
and the steam pass. The gas surface of the tubes is 
extended by the use of elliptical steel stud tube fin 
construction. 

Flow in the evaporator sections is by forced circula- 
tion from electrically driven pumps, which maintain 
a circulation rate of about four times the steam output 
of the section. Each evaporator has a single steam 
drum, 4 ft. in diameter and 18 ft. long, which 
contains conventional cyclones and scrubbers. Par- 
ticular attention has been given to minimising the 
possibility of steam or water leaking into the coolant 
circuit by keeping the number of tube joints contained 
within the pressure shell to a minimum. All tube 
joints sited within the first heat exchanger to be 
assembled, were subjected to an abnormally high 
pressure test followed by a stringent vacuum test. 
The ends of each tube element pass separately through 
a sleeve in the pressure shell so that if leakage should 
occur at a joint, steam will escape to atmosphere. 
As in the case of the reactor pressure vessel the final 
assembly of the heat exchangers was done on site. 

Each heat exchanger arrived in nine main sections 
consisting of the dished ends, the six circular centre 
sections and the skirt. 

After the heat exchangers were assembled and 
inspected, the final welds were stress relieved by in- 
ductive heating and the heat exchangers were lifted 
on to their concrete plinths by using a pair of 100-ton 
gin poles. One of these lifts is shown in Fig. 15. 

It would be possible to consider a three pressure 
steam cycle using separately fired super-heaters for 
the high-pressure steam, but such additional compli- 
cations do not at present seem to be justified. 

The steam is taken to the generator house which is 
situated between the pile buildings where four turbo- 
alternator sets are installed. The turbines are two- 
cylinder reaction machines of established design. The 
L.P. cylinder has twin exhausts which discharge into 
a surface condenser operating at 1? in. Hg. absolute 
pressure, i.e. at a temperature of about 38°C 
(100.4°F). The condensate is passed through a de- 
aerating plant and the steam cycle is completed by 
the H.P. and L.P. feed water pumps which return 
the water to the economisers. Each turbine is directly 
coupled to an air-cooled alternator of standard design 
and having continuous maximum rating of 23 mega- 
watts at 11 kV. Power is exported through standard 
transformers, switchgear and transmission equipment 
to the Central Electricity Authority’s grid lines. 

A separate “dump” condenser is provided in 
which up to the full-load steam production of the 
heat exchangers may be condensed without passing 
through the turbines. The condensate from the dump 
condenser is de-aerated and fed back into the heat 
exchangers. The dump condenser is essentially for 
use during start-up and shut-down of the plant, but 
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Fig. 15. Lifting one of the heat exchangers. 


if required it will permit the reactors to be run at full 
load for plutonium production in the event of turbine 
outage. 

A closed-circuit cooling water system is employed 
for the condensers, with four electrically driven pumps 
of 640 H.P. each and two natural draught cooling 
towers. ‘The cooling towers which are somewhat 
larger than normal being 290 ft. high and 220 ft. 
in diameter at the ring beam, are each capable of 
cooling 3,000,000 gallons of water per hour by 10°C. 

Two further views of the Calder Reactors to give a 
more general impression are given in Fig. 16, which 
shows the reactor with chimneys and heat exchangers 
in position, and Fig. 17, which gives a view of the 
Calder project from Windscale Factory. 


Future Prospects 

For the immediate present and in particular for 
the production of electricity or steam from land-based 
reactors, our future prospects may be based on 
reactors, similar in many ways to the Calder Hall type, 
whereas later on developments in the alternative 
types of reactor will obviously widen our field of choice. 

Let us consider for a moment, therefore, the Calder 
Hall type of reactor. 

One of the limiting factors in the design of these 
reactors is the size of pressure vessel which can 
reasonably be constructed. If the volume of the 
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Fig. 16. Reactor with chimneys and heat exchanger in position. 
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A view of the Calder project from Windscale Factory. 








pressure vessel is increased, then the total thermal 
capacity of the reactor can also be increased and the 
capital cost per Ib. of steam or per kilowatt sent out 
is brought down. But to construct a larger pressure 
vessel to operate at a given working pressure the 
thickness of the shell must be increased, and more 
complicated problems of supporting the graphite and 
transmitting the load through the shell walls are 
introduced. In the case of Calder Hall it was 
decided that the maximum thickness of plate which 
could withstand the necessary pressure was fixed 
immediately. If the working pressure had _ been 
reduced the diameter of the core and the output of 
the reactor could have been increased, but the 
pumping power for circulating the coolant would 
have gone up. It is hoped that future developments 
will include the welding of thicker gauge plate, 
possibly up to 3-in., enabling the use of larger 
pressure vessels to become practical. The thicker 
plate would alternatively allow working pressures to 
be lifted for a given pressure vessel size and this would 
result in a lower blower power being required to 
remove a given amount of heat. Another line of 
approach is to use a spherical pressure vessel which, 
with a given plate thickness, could be made nearly 
twice the diameter of a cylindrical container. Con- 
sidered purely as a problem of pressure vessel design 
the sphere offers very great advantages, -but it gives 
rise to‘ difficulties in the support of the graphite 
structure of the moderator within it. Also the costly 
biological shield is larger for a given total thermal 
capacity, but this difficulty may be alleviated by 
incorporating the biological shield in the pressure 
shell. 

The search for a better reactor coolant is continu- 
ous, but as happens so often in engineering a com- 
promise between various conflicting requirements 
must be accepted. Neutron economy is one of the 
main problems of reactor design and parasitic neutron 
losses to the coolant must be small while due con- 
sideration must be given to the characteristics of the 
coolant as a moderator and under conditions of 
irradiation. The coolant must be compatible with 
the circuit components such as the can metal, the 
pressure vessel and the moderator while (since defects 
of canning cannot be absolutely eliminated) its 
chemical affinity for the fuel itself must not be over- 
looked. One of the most suitable coolants is helium 
which, besides being chemically stable, has a high 
specific heat and offers a negligible ability to capture 
thermal neutrons. The main objections to its use in 
Great Britain are the high cost and the fact that it is 
not an indigenous material. 

Carbon dioxide on the other hand is cheap and 
readily available, while its neutron capture ability is 
entirely satisfactory. In addition, it is fairly stable 
chemically under the Calder Hall reactor operating 
conditions, where it does not react with the graphite 
moderator to any important extent. 

Nitrogen is not attractive as it is a poor coolant, 
the circulation of which would absorb an unduly high 
proportion of the energy generated, while its neutron 
capture is high. 

Hydrogen on the other hand offers interesting possi- 
bilities as a coolant. Firstly, it would act as a 
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moderator resulting in a reduction of graphite and 
structural costs while a loss of coolant would reduce 
the pile reactivity. Secondly, it would only require 
about one-tenth of the blower power required for CO,. 
It reacts with uranium at certain temperatures, 
however, and this might cause serious trouble 
because it can pass through the can by diffusion even 
while the can remains sound. Diffusion of the hydro- 
gen into the structural steel of the reactor may also 
be a cause of trouble. 

The use of a slightly enriched uranium charge may 
also lead to economies. It may make it possible to 
use canning materials which have previously been 
rejected because of their high neutron capture 
ability. The use of such materials may make it 
possible to use higher fuel element operating tempera- 
tures with safety and so to achieve higher thermo- 
dynamic efficiencies. A slightly enriched uranium 
charge toward the outside of the reactor core enables 
flattening of the neutron flux distribution across the 
core to be carried out, which in turn increases the 
total thermal capacity of the pile and hence the 
electrical output of the station. 

In the pure engineering field, there can be no 
doubt that the design of heat exchangers can be con- 
siderably improved and cheapened. The problems 
of raising steam by transferring heat to the water 
from a perfectly pure and clean gas has never before 
had to be considered on a large scale. The stud tube 
extended surface heat exchanger which is used at 
Calder Hall had the tremendous advantage that this 
type of heat exchanger surface was already established 
industrially and was in mass production. It is not 
an ideal type of extended surface for the absorption 
of heat from a completely pure gas. Each one of the 
Calder Hall heat exchangers weighed some 200 tons 
and the problem of transporting the sections, 
assembling them on the site and lifting the complete 
heat exchanger into position caused many anxious 
problems. There is no doubt whatever that a cheaper, 
lighter and more compact heat exchanger could be 
developed to deal with the problem. 

Considering now future developments in alterna- 
tive types of reactor, it follows that in designing a 
reactor for production of industrial power that we 
must release our heat at the highest possible tempera- 
ture. There is no nuclear-physical reason why the 
fission process should not be operated at a very high 
temperature indeed, but there are plenty of engineer- 
ing and metallurgical considerations which restrain 
us from any such attempt at the present time. At the 
present stage it is more important to be successful 
than to be clever for our first power-generating 
nuclear reactors, therefore we should content our- 
selves with securing reliable operation at modest 
temperatures. It cannot be over-emphasised that, 
whereas the dimensions of the core of a nuclear 
reactor are determined primarily by nuclear physical 
considerations, the permissible rate of heat release is 
entirely a question of the engineering design of the 
cooling system and of the choice of materials. 

Because of the need for a moderator and because 
of the relatively large quantity of natural uranium 
required to give a critical assembly, natural uranium 
reactors tend to be large in size. However, the use 














of enriched uranium, that is, uranium which has been 
subjected to a physical process to increase the per- 
centage of fissionable Uranium 235 which it contains, 
introduces an additional degree of freedom into the 
reactor design. The fact that the fissile uranium 235 
is less diluted with Uranium 238 makes it possible 
to reduce the total uranium charge, and so the overall 
dimensions of the reacting core can be reduced. If 
enrichment is carried far enough the way is open for 
the construction of reactors of a different. type to 
which I previously referred, in which there is no 
moderator and in which the fission process is carried 
on by intermediate or high-energy neutrons. These 
so-called ‘ fast reactors ’ could be fuelled either with 
uranium highly enriched in Uranium 235 or by an 
artificial blend of Plutonium and Uranium 238. The 
cost of enriching uranium is high, and to make the 
best use of this expensive material we must develop 
engineering and metallurgical techniques which 
enable us to remove the maximum quantity of heat 
from a given quantity of fuel—that is, we must 
achieve high specific ratings on our fuel elements. 
One can thus visualise a sequence of reactor designs, 
forming an ascending scale of enrichment and specific 
thermal rating and a descending scale of core size. 

In the case of a graphite-moderated, gas-cooled 
thermal reactor, using natural uranium, the heat 
rating in megawatts per ton of uranium will be 
relatively low (as I said, around 1 megawatt per ton). 
Conduction of heat within the fuel elements them- 
selves does not therefore present a serious limitation. 
With this type of reactor it is the heat transfer from 
the surface of the fuel elements to the gas stream that 
determines the final power rating. The technical 
design of the coolant channels and of the extended 
surfaces of the fuel elements is, therefore, of great 
importance if the optimum output is to be achieved 
with a given limitation on the surface temperature. 
One cannot improve the heat transfer rates beyond a 
certain point by increasing the gas velocity, since the 
pumping power would become prohibitive. Again 
one cannot improve the heat transfer rates by in- 
creasing the amount of the extended surface beyond 
a certain point, since the canning material acts as an 
absorber of neutrons and if we increase the quantity 
which is present we shall have to increase the charge 
of uranium needed to reach the critical size. The 
only independent variable which can be increased so 
as to give a substantial gain in the power rating of 
the reactor is the surface temperature of the fuel 
elements. Here, however, one is back to metallurgical 
limitations which at present limit us to temperatures 
of the order of 400°C (752°F). 

After irradiation, unless we are wastefully to throw 
away our fuel elements, they must be put through a 
chemical separation process to remove the fission 
products. This chemical processing is very expensive 
and we must therefore extend the periods between 
chemical processing, that is, increase our periods of 
irradiation, if we are going to reduce our cost of 
operation. 

The design of a fuel element which can withstand a 
long period of irradiation is difficult; growth and 
distortion of the uranium will occur during irradiation 
and it is necessary for the container to accommodate 








these changes without bursting and allowing leakage 
of active fission products from the irradiated metal 
into the coolant stream. It is also essential that the 
irradiated cartridge can be removed with certainty, 
either at the end of the proper period of irradiation 
or in the event of individual failure, despite any 
distortion that may have taken place. 

Consider next a reactor having a higher heat out- 
put per ton of fuel in the reacting core; in which case 
we are thinking of heat releases of a few megawatts 
per ton of fuel. With these higher heat ratings we 
begin to run into heat transfer problems connected 
with the elements themselves. So much heat has to be 
conducted through the uranium that the temperature 
at the centre of the metal starts to get undesirably 
high unless we use thinner fuel elements. The use of 
pressurised water as the coolant enables the necessary 
heat transfer rates from the surface of the fuel elements 
to be achieved, but we may get appreciable thermal 
stresses in the material of the containers. 

If we go a step further and consider an intermediate 
or fast reactor without any moderator we must face 
still higher heat ratings. Heat conduction within the 
uranium and through the walls of the fuel elements 
container is now very important. The uranium will 
certainly be plastic and may be in a near-molten state 
in the centre of the core. Gaseous fission products 
formed within the metal may produce large internal 
pressures there, or may diffuse outwards and build up 
an internal pressure within the can. Large thermal 
stresses will be set up in the cans, owing to the steep 
temperature gradients, and the material will almost 
certainly be taken beyond the elastic range. Minor 
variations in the dimensions of the fuel elements or 
in the distribution of coolant velocity may lead to 
distortion of the fuel elements. 

Whatever type of reactor it may be, we have the 
problem of compatibility of uranium, canning 
material, coolant, and moderator under appropriate 
conditions of temperature and irradiation. It is not 
surprising that the choice of materials is difficult. 
If any of the materials of construction are slightly 
soluble in the coolant we may have mass transfer 
effects to contend with. Irradiation may bring about 
chemical reactions between the coolant and the 
material of the coolant channels or fuel elements. 
It may, alternatively, alter the rate of reactions which 
would otherwise occur more slowly. The result of this 
mass transfer effect may be the removal of material 
from one part of the coolant circuit and deposition 
in another. 

It is reasonable to think of nuclear reactors in an 
ascending scale of specific heat rating of their fuel 
elements. At the bottom of this scale is the graphite- 
moderated gas-cooled reactor which I have described 
in some detail. It is essentially a heavy, land-based 
reactor, using low specific ratings, but economical 
because it does not need to make use of expensive 
materials of construction. It can, perhaps, be 
regarded as the slow-speed reciprocating engine of 
the reactor world, reliable and almost conventional 
in design. 

At the other end of our reactor scale, we have the 
fast fission reactor, very much more highly rated and 
using expensive and rare materials of construction. 


433 





High ratings are necesssary in order to make this 
reactor economical because the fissionable material 
which it uses as a fuel is extremely expensive. It can, 
perhaps, be regarded as the gas turbine of the nuclear 
reactor world. 


In between these two extremes are dozens of 
alternative types of reactor making use of fast neutron, 
intermediate neutron, or thermal neutron velocities; 
using no moderator or light water, heavy water, 
beryllium or graphite as moderators; using gases, 
water, hydro-carbons or liquid metals as coolant in 
any combination that can be imagined. 


Which of these reactors will at future dates be found 
to be economical is more than can be safely predicted 
today. We in Great Britain are attacking the two ends 
of the scale; we have designed the graphite-moderated 
gas-cooled reactor which will soon be producing large 
quantities of industrial power at Calder Hall, and we 
are building the fast reactor at Dounreay. In between 
these two extremes we are applying our resources at 
those intermediate points which appear from time to 
time to offer the greatest promise. 


The development of highly rated reactors is 
essential, because such reactors are needed to burn the 
bi-product plutonium produced in the reactors of 
conservative rating which are built as the first step in 
our industrial programme. It would, however, be a 
great mistake to assume that these conservatively 
designed reactors of the graphite-moderated gas- 





cooled type have only a limited future. With de- 
velopment, the reciprocating steam engine held its 
own over a period of nearly 200 years as an economical 
prime mover and the simplicity and reliability of the 
gas-cooled reactor will entitle it to a similar place in 
the history of nuclear power. 

In conclusion, I would draw attention to the fact 
that there is great scope in reactor design for re- 
sourcefulness and many more types of reactor are 
feasible. It is possible during nuclear fission to obtain 
temperatures around 1,000,000°C and only the 
limits set by our present-day knowledge, both in 
physical and metallurgical technique, prevent the 
production of really large amounts of high grade heat 
by nuclear fission in reactors of comparatively small 
dimensions. 

As it has been calculated that the complete fission 
of one ounce of uranium would release about 640,000 
K.W.H. of energy or nearly three million times as 
much as the same weight of coal, there are ample 
reserves of energy which the nuclear design engineer 
will undoubtedly strive to extract. 

I have already said that capital costs are for the 
present high and reactor auxiliary running power is 
still higher than that of the usual boiler auxiliaries in 
orthodox coal or oil burning plant; but within the 
framework I have outlined today, I feel even the most 
pessimistic of men will agree there is in nuclear 
fission one of the world’s largest sources of useful 
energy. 





APPENDIX 


Simple Explanation of the Underlying Theory of 


The atoms of which all matter is composed can be 
visualised as tiny solar systems. They have an 
agglomerate of particles in the centre which is called 
the nucleus and which corresponds to the sun in our 
solar system. Around this nucleus particles called 
electrons move in orbits, just as the planets move 
around the sun. Each electron carries a unit negative 
electrical charge. 

For our purpose the nucleus can be considered as 
containing two types of particle: protons, each of 
which carries a unit positive electrical charge, and 
neutrons, which are uncharged particles. Because a 
normal atom is uncharged electrically, it follows that 
in such an atom the number of protons in the nucleus 
is the same as the number of electrons moving in 
orbits about it. 

The chemical properties of any atom depend only 
on the number of protons in the nucleus; atoms with 
the same number of protons in the nucleus always 
have the same chemical properties. For any given 
number of protons in the nucleus, however, the 
number of neutrons may vary, and when the number 
of neutrons in the nucleus is changed the mass and 
physical properties of the atom are consequently 
changed. Two atoms which have the same number 
of protons in the nucleus (and therefore the same 
chemical properties) but different numbers of 
neutrons in the nucleus (and therefore different 
physical properties) are called isotopes of the same 
chemical substances. 
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Atomic Energy and Explanation of Terms 


Because the atoms are made up of electrically- 
charged moving particles, they obviously have an 
energy content. 


When a chemical reaction between two or more 
atoms is carried out, the nuclei of these atoms remain 
separate and unchanged. All that happens is that 
the movement of the electrons in their orbits is modi- 
fied. The atomic structure which results from such a 
chemical reaction also has an energy content and, if 
the energy content of the atomic structures which 
exist after a chemical reaction is less than the energy 
content of the atomic structures which existed before 
the chemical reaction, the difference in these energy 
contents is released, normally as heat. 


In a nuclear reaction the change which takes place 
does not affect only the movement of the electrons 
around the nuclei; changes take place within the 
nuclei. They may be built up into more composite 
structures, or they may be broken down into smaller 
structures. As in the case of a chemical reaction, the 
difference between the energy content of the atomic 
structures which exist prior to the change and those 
which exist after the change is released as heat 
energy. In the case of a nuclear reaction, however, 
the difference is very much greater than it can be in 
the case of a chemical reaction and, for this reason, 
the heat evolution from an exothermic nuclear re- 
action can be of the order of a million times greater 
than the heat evolution which can be obtained by 
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Fig. 18. Fission in an atom of U235. 


carrying out chemical reactions with similar quan- 
tities of material. 

Unfortunately, from the point of view of securing 
energy from nuclear reactions, it is very difficult to 
carry out such reactions under normal conditions. 
There is, however, one exception, namely, nuclear 
fission. Fissionable atoms have a large number of 
protons in the nucleus ; when the nucleus of a 
fissionable atom is struck by a neutron the whole 
complicated atomic solar system breaks down into 
two separate solar systems, each of them having 
approximately half the number of protons in the 
nucleus and half the number of electrons moving 
about it. These resultant atoms are called the fission 
products. When nuclear fission takes place the energy 
content of the resulting systems is less than the energy 
content of the initial system, and the balance of 
energy is released as heat. The result of a nuclear 
fission is, therefore, the formation of fission products, 
heat, and a variable number of neutrons. Only one 
fissionable atom exists in nature, namely, the isotope 
of uranium, which has a mass of 235. The process of 
fission in such an atom is shown in Fig. 18. 

In this reaction, an average of about 2.5 neutrons 
is released from every fission that takes place. If fission 
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Fig. 19. Chain reaction with U235. 





takes place in a sufficiently large mass of fissile 
material, the neutrons which are released can be used 
to cause further fissions and the rate of fission increases 
exponentially throughout the mass (Fig. 19). Some 
neutrons are inevitably lost from the surface of the 
mass of fissile material ; if the number lost is so great 
that the number per fission remaining to cause further 
fissions is less than one, the chain reaction will 
become convergent instead of divergent and will die 
out. The larger the mass of fissile material, the less 
likely this is to occur because the number of atoms 
available to be struck by a neutron increases on a 
cube law, whereas the surface from which they can 
escape increases on a square law. The minimum mass 
of fissile material throughout which the action can 
proceed is called the critical size. 

Natural uranium contains only 0.7 per cent of the 
fissionable isotope U235. The remainder is U238, an 
isotope which is not fissionable. The fissionable U235 
cannot be separated from the U238 by chemical 
processes, because, chemically, the atoms are identical. 
It can, however, be separated by physical processes, 
and the one most frequently used is called gaseous 
diffusion. In this process, advantage is taken of the 
fact that lighter molecules diffuse more readily 
through porous membranes than heavier molecules. 
Uranium which has had its content of fissionable 
U235 increased by treatment in a diffusion plant is 
called enriched uranium. 

When the nucleus of an atom of U2398 is struck by a 
neutron, fission does not take place, but the neutron 
is captured in the nucleus to form an isotope of 
uranium (U239) which does not exist in nature. This 
isotope is unstable and after an interval of time it 
ejects a unit negative charge from its nucleus. This is 
equivalent to gaining a positive charge in the nucleus 
and therefore the new atom has 93 positive charges 
(protons) in the nucleus ; it therefore ceases to be 
uranium and is an atom which does not exist in 
nature and which is called neptunium. The neptunium 
atom is also unstable and repeats this process forming 
an atom which has 94 positive charges in its nucleus. 
This is the atom of plutonium ; it is a reasonably 
stable atom, but like Uranium 235, it is fissionable. 

We can therefore start a chain reaction by bom- 
barding the nucleus of an atom of U235 with a 
neutron ; fission products will be formed, heat will be 
evolved and on the average 2.5 neutrons will be 
emitted. We will assume that we inevitably lose an 
average of 0.5 of a neutron, and that we use one of our 
remaining neutrons to be absorbed by an atom of 
U238, whilst the other neutron strikes an atom of 
U235 to cause a further fission with which the whole 
process can be repeated. This is shown in Fig. 20 and 
is what happens in an ordinary atomic pile. 

As before, the centre part of the atomic pile where 
these changes are taking place and which is called 
the core must be of a certain minimum size (the critical 
size) otherwise the loss of neutrons from the pile will 
be too great for the chain reaction to continue. Once 
we are above the critical size, we can carry on our 
chain reaction and build it up to any intensity which 
is convenient. This intensity is in practice determined 
by our ability to remove the heat from the core and is 
referred to as the specific rating of the fuel. 
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In a reactor which uses natural or slightly enriched 
uranium, there is a strong probability that all the 
neutrons emitted from any fission will be absorbed by 
atoms of U238 and will not cause further fission by 
striking atoms of U235. This is obvious, because there 
are about 140 atoms of U238 available as targets for 
every atom of U235 which exists in the uranium. We 
must do something to remedy this or our chain 
reaction wil] die out. When the neutrons are emitted, 
they are travelling at high velocities (fast neutrons). 
By making them travel more slowly we can increase 
the probability that they will cause further fissions in 
U235 and correspondingly decrease the probability 
that they will be absorbed in atoms of U238. In order 
to slow down the neutrons, we let them strike and 
share their energy with suitable atoms. Materials 
which can be used for slowing down neutrons in this 
way are called moderators ; the ones most frequently 
used are graphite and heavy water. The neutrons are 
slowed down in the moderator to velocities which 
correspond with the temperature of the moderator 
and, after slowing down in this way, they are called 
thermal neutrons and therefore a reactor which uses 
a moderator is called a thermal reactor. 

If we desire a reactor to work at a steady output, 
the number of neutrons available to cause further 
fissions must remain constant. We can achieve this 
state of affairs by absorbing any neutrons in excess of 
this quantity. This is done by putting more or less of 
neutron-absorbing material into the pile. The material 
normally used for this purpose is boron and it is 
inserted or withdrawn from the pile in what are 
called control rods. The further the control rod is 
pushed into the pile, the more neutrons it will absorb 
and the fewer neutrons will be available for causing 
further fissions. Similar rods available for shutting 
down the pile in emergency are called shut-off rods. 
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In the core of a pile there is tremendous radio- 
activity, which would kill operatives working around 
it if they were not shielded from the neutrons and 
from the gamma-radiation (radiation similar to 
X-rays). This is done by surrounding the core with 
thick concrete walls which bring the intensity of 
radiation down to a level which is biologically safe. 
They are therefore called the biological shield. These 
concrete walls would be damaged if they were too 
heavily bombarded by thermal neutrons from the 
core and they are, therefore, lined with thick steel 
plates to absorb these thermal neutrons ; these plates 
are therefore called the thermal shield. 


In the thermal reactor we have had to use a 
moderator to slow down our neutrons, simply to 
ensure that too many neutrons were not absorbed by 
the non-fissionable U238. If our nuclear fuel consists 
mainly of fissionable material, we shall be able to 
maintain our chain reaction without slowing down 
our neutrons because there will not be enough U238 
present to absorb so many neutrons as to damp out 
the chain reaction. We shall therefore be able to work 
without a moderator and to use fast neutrons to cause 
further fissions. Such a reactor therefore is called a 
fast reactor. Because there is no moderator in a fast 
reactor, there is less likelihood of uselessly losing 
neutrons by absorption. With this greater economy 
of neutrons it may be possible to have so many 
neutrons absorbed in atoms of U238 that the number 
of atoms of plutonium created will be greater than 
the number of atoms of U235 destroyed. We shall then 
have bred an additional quantity of fissile material 
and, for this reason, reactors of this type are some- 
times called breeder reactors. The material from 
which the new fissile atoms are bred is sometimes 
called the fertile material. 
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Z we are to respond to the challenge made by Mr. 
R. A. Butler when, as Chancellor of the Exchequer, 
he said that we could double our standard of living 
in 25 years, we must budget on the assumption that 
there will be a rapidly increasing demand for energy. 
“International Co-operation for Productivity ”, 
“Research”, “Automation”, “Better Machine 
Tools”, ‘“ Better Human Relations in Industry”, 
will have little meaning in the end unless full con- 
sideration is given not only to adequate supplies of all 
forms of energy required by industry, but also to the 
efficient utilisation of that energy. 

A detailed examination into industrial productivity 
during the past 50 years will show that as a nation 
there has been a gradual but definite decline in our 
position relative to that of our major competitors. 
Our position started to weaken around the turn of the 
century after the initial impetus of the industrial 
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revolution had died down, and other nations were 
increasingly improving their own production 
efficiencies. These improvements have continued so 
steadily that our position as a major workshop of the 
world is now severely threatened. It may be argued 
that for some of them, who are merely catching up, 
an increase is much easier than for us who have to 
break new ground. The fundamental fact remains, 
however, that fifty years ago we lived largely on our 
exports to the backward peoples of other countries, 
people who had a very low standard of living and are 
now going ahead, with alarming strides, in education 
and technology, and are increasingly disputing the 
higher standard which we enjoy from no greater 
human effort than theirs. These people will have less 
and less requirement for our exports as they replace 
them by goods of their own manufacture. If we 
are even to maintain our standard of living, let alone 
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double it, we must seek every possible means to 
improve our efficiency. 

With, perhaps, the exception of coal, clay and 
limestone, we have no important basic raw materials 
which can be produced in sufficient quantities to 
cover the needs of the population. Consequently our 
prosperity depends entirely upon our ability to convert 
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something which we import into a saleable article 
which we can export at a profit. Real wealth will 
result, not from the volume of our exports, but from 
the nett value of those exports left after paying for 
our imports. We must have industries which are 
efficient and which make the fullest possible use of our 
labour force combined with the skill of our 
technologists and scientists to extract as much as 
possible from all the raw materials available, whether 
home produced or imported. 

Energy is no less important because we have come 
to take for granted that it will be available in un- 
limited quantities. 

As industrialisation has proceeded, so_ the 
dependence on mechanical and electrical energy to 
replace human labour has increased, This is well 
illustrated by the report of the Paley Commission 
which surveyed the increasing use of natural resources 
in the United States in the half century from 1900 to 
1950, and then went on to forecast how the demands 
might rise in the third quarter of this century. Fig. 1 
shows how the labour force, industrial production and 
the use of energy in industry, has grown in the United 
States in the last half century. Setting the figure 
for 1900 in each case at an index value of 100, the 
graph shows that the labour force had increased by 
1950 to 219, but that industrial production had risen 
much more to 472. A major reason for the rise in 
productivity was not hard to find. It lay in the 
increased use of energy by industry. Again using 100 
as the index figure for 1900, by 1950 the figure for 
the industrial use of power reached 445. Looking into 
the future, the Commission expected an even sharper 
increase in the use of electricity between 1950 and 
1975 than has occurred during the past half century, 
from under 400 billion kWh in 1950 to something 
like 1,400 billion in 1975. 

Fig. 2 illustrates not only the increasing use of fuel 
and power but what the Paley Commission describes 
as the shifting pattern of U.S. energy sources. In 
1900, almost all energy used in the United States was 
derived from coal. Water power and petroleum 
represented only a few per cent. of the total. By 
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1925, although coal usage had doubled, a substantial 
proportion of the total energy was derived from oil, 
from natural gas, and there had been a lesser develop- 
ment of hydro-electric power. By 1950, the picture 
had changed so greatly that coal was no longer the 
major source of energy. Rapid increase in the use of 
oil, and an even more rapid increase in that of natural 
gas, had brought about a diminution in the amount 
of coal used, despite the rise in the total demand for 
energy. 

In Great Britain, there has been nothing like the 
spectacular rise in industrial productivity during the 
period 1900 to 1950 that the United States has 
enjoyed. Productivity increased in Great Britain 
over this half century at the rate of only about 14%, 
per annum as compared with a rate of 3°% per 
annum in the United States. Total inland coal 
consumption increased by only one-third over the 
half century, and, indeed, per head of the population, 
it remained practically unchanged at 4 tons per 
annum. However, that apparently static position is 
somewhat misleading. It arises from a combination 
of causes and masks the very considerable changes 
that have taken place. One of the most important 
is the change in pattern of energy sources which has 


taken place in this country as well as in the United 
States, As Fig. 3 shows, there has been a very rapid 
increase in the use of the secondary, or derived sources 
of energy — gas and electricity — during the last 30 
years, and the efficiency with which they have been 
produced from coal has, in turn, increased very 
rapidly. Again there has been a marked turnover to 
oil, especially since the end of the War. Even when 
looking at the static consumption of raw coal, we must 
bear in mind that since 1940, it has been held down 
by the rationing of domestic supplies. 

It is by an ever-increasing use of energy that the 
U.S.A. has become the world’s leading industrial 
nation, and if we are to compete with American goods 
in the world’s markets, must we not aim to reach an 
equally high standard of productivity by the same 
process of substituting mechanical power for human 
energy ? 

Much has been said and written during the last few 
months about the probable future fuel requirements of 
the world as a whole and Great Britain in particular. 
Estimates of requirements, at the end of twenty-five 
years and based on the assumption that productivity 
will increase at the rate of 3°%% per annum, vary 
between 300 and 410 million tons of coal, or its 
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equivalent in other fuels. Whilst these estimates vary 
so considerably, they all agree that our needs are 
unlikely to be met from our coal deposits and will 
have to be supplemented by imported fuels, mainly 
oil, until such time as atomic energy can supply an 
appreciable proportion of our energy requirements at 
an economic price. 

Whilst long term speculation is interesting, there is 
a danger of losing touch with reality. Most of the 
estimates made are based on statistics for the years 
1945 to 1954. The first four years of the period may 
give very misleading figures due to the aftermath of 
the Second World War, when numerous and complex 
problems had to be resolved under unparalleled 
conditions of industrial and social upheaval. Industry 
was in the throes of re-conversion from war to peace- 
time production, with extensive modernisation of 
equipment and plant at a time of acute shortage of 
skilled labour, materials and money, There was the 
uprooting and changed distribution of population 
consequent on war-time evacuation, national service 
and air-raid destruction of homes and factories which 
still persisted in large measure. At the same time, the 
pent-up desire for goods and services, following the 
years of doing without, was in process of unfreezing. 

During 1923 the amount of coal exported was 
79.3 million tons, last year the amount of coal im- 
ported was approximately 12 million tons costing £80 
million which, at the present time, is more than one- 
and-a-half month’s deficit between the value of export 
and imports. If the nation uses the vast amount of fuel 
predicted for the future, one wonders if it is really 
possible to close the gap in the balance of payments. 

Whilst the opportunity to plan ahead should not be 
neglected, it is doubtful whether one can plan more 
than five years ahead based on estimates of anticipated 
growth and development. Provisional plans might be 
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made for a further two years, but these would have to 
be adjusted in the light of the latest development and 
other considerations as time passes. Estimates of 
requirements beyond this period are of very doubtful 
value. 

Experience in the industrial field indicates that the 
gap between energy supply and demand can be 
narrowed considerably provided sufficient effort be 
devoted to the attainment of fuel efficiency as we now 
know it. Oil fuel in increasing quantities will have 
to be imported during the next few years, but it must 
be fully realised that practically every country is 
crying out for more fuel and power, and there is no 
surplus of fuel oil in the world today. It is vital that 
every possible effort be made to make the best possible 
use of our fuel and power resources to enable us to 
last out until an alternative source of energy is 
satisfactorily harnessed. 

The largest single consumer of fuel in the country, 
and the most progressive, is the Central Electricity 
Authority. In 1954 they used 39.8 million tons of 
solid fuel and 175 thousand tons of oil to generate 
71,085 million kWh, a further 2,237 million kWh 
being provided by means of water power. In addition, 
they generated 51 million kWh by destructor or waste 
heat plant, and purchased 153 million kWh from 
industry. The growth of the industry since 1920 is 
shown in Fig. 4, which clearly indicates the increase 
in consumption of solid fuel, the increase in units 
generated, and the fuel consumption per 1,000 units 
generated. From 1920 to 1939 there was a steady 
increase in thermal efficiency, during the period 
1939 - 1948 the efficiency, based on units sent out, 
remained fairly static at approximately 21°, during 
the last seven years efficiency has again shown a 
steady increase, the average efficiency for 1955 being 
24.14%. 

The years between 1939 - 1948 were very critical 
in the development of the industry caused by the 
rapid increase in demand for power during the War 
years, and the 15% to 20% shortage of generating 
plant due to the virtual cessation of power station 
construction during the War. Furthermore, the heavy 
electrical plant industry was disorganised and manu- 
facturing resources were inadequate to supply 
immediately the additional plant necessary to make 
good the shortage inherited from the War years, let 
alone new plant to meet rising demand. In the past 
seven years the improved thermal efficiency of opera- 
tion of power stations has effected an economy of 
some 17.5 million tons of coal. Development over 
the past 35 years has been such that the coal con- 
sumption for 1955 would have been 68 million tons 
more had such progress not been made. This, 
therefore, is the contribution to date which the 
electricity industry has made towards closing the gap 
between supply and demand of fuel. 

Of the total power generated, nearly 6°/, is used at 
the generating station; the average efficiency of 
24.14°%, quoted earlier is, of course, based on the 
number of units generated and not the number of 
units sent out. Slightly less than 90°/, of the units sent 
out are sold. The difference between units sent out 
and sold reflects mainly losses in transmission, but 
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also includes consumption in offices and showrooms 
and is, in some slight measure, affected by delays in 
reading meters. 

The best operation efficiency in 1954-1955 was 
achieved by Portobello with an average efficiency of 
31.53%. Stations are now being constructed which 
are designed for an efficiency of 37.6%, with turbo 
generators of 200 MW, stop valve steam at 
2,350 psig, and 1,050°F., with reheat temperature 
of 1,000°F. Three of these units will be in operation 
by 1960. The next upward step in steam pressures 
is visualised in the “super-critical” range, e.g. 
between 4,000 and 5,000 psig. It may well be that 
the average efficiency of generation in this country 
will reach 27° - 28° in the next five years. 

American power stations which, prior to 1939, 
operated at a lower average efficiency than British 
stations, now have an efficiency some 3°/, higher than 
ours. They already have some stations operating at 
over 38°/, and other stations are being built which are 
expected to operate at 41°, efficiency. 

We are so accustomed to the knowledge that the 
industrial prosperity of this country has been built up 
on abundant supplies of cheap coal that it is very 
difficult to adjust ourselves to the fact that our 
increased needs of energy are not going to be met 
from home resources and that we must turn to other 
sources to fill the gap,during the next decade. The 
possibilities are : increased imports of coal and of oil ; 
the development of atomic energy and the more 
efficient use of the fuels at present available. Increased 
productivity at the desired rate can only be obtained 
by the judicious use of all three. 

Atomic energy, whilst being the great hope for the 
future, is not likely to provide more than a very minor 
contribution during the next decade. The Govern- 
ment has announced quite ambitious and very 
expensive plans for the development of useful power 
from nuclear energy. By the end of the first develop- 
ment period, in 1965, twelve atomic power stations 
will have been brought into operation and will be 
making a contribution equivalent to six million tons 
of coal burnt in steam power stations. It is from 
1965 onwards that the contribution from atomic 
energy will become really significant, as it is expected 
that this will become the source of energy for all 
additional requirements of electrical power. But we 
cannot rely on this new source of power to get us out 
of our difficulties in the next decade. 

The -importation of coal seems to create more 
difficulties than it cures. Last year we imported 12 
million tons of coal at a cost of £80 million, Mr. 
R. A. Butler, when Chancellor of the Exchequer, 
pointed specifically to this drain on our dollar reserves 
when explaining the reasons for the economic crisis 
last year. There are also, temporarily at least, 
physical restrictions on further increase in our imports 
of coal. Our ports are constructed for the export and 
not for the import of coal, and additional shipping to 
bring more coal from America can only be found by 
reducing equally necessary imports of iron ore. 

The greatest hope of increasing the supplies of fuel 
required during the next few years undoubtedly lies 
in the importation of oil. Consumption of gas, diesel 





and fuel oils has actually doubled during the past five 
years, and it is expected that by 1960, consumption 
of these oils will have increased by the equivalent of 
another 25 million tons of coal. We must, of course, 
bear in mind the fact that there is no surplus of fuel 
oil in the world, and every other nation is just as 
anxious to increase productivity as we are. Germany, 
for instance, itself a major coal producer is, like us, 
looking for greater supplies of fuel oil. We must also 
remember that the importation of this raw material 
has to be paid for by increased exports and that the 
price of fuel oil may rise for any one of three reasons : 
world competition may force an increase on a simple 
supply and demand basis ; an over-supply of light 
fractions may accompany the needed supply of fuel 
oil, with the result that the latter would have to bear 
a more realistic share of refining costs ; or new pro- 
cesses may increase the supply of fuel oil without 
actually increasing the supply of other fractions, but 
new processes, whatever they may be, are unlikely to 
leave the present price structure unchanged. 

Summing up at this stage then, can we not say first 
that our future industrial prosperity is going to 
demand rapidly increasing supplies of energy; second, 
that after twenty years between the wars when we did 
not know how to make use of all the coal that we 
could produce, we suddenly find ourselves with in- 
adequate supplies for our needs from our home mines 
and that, thirdly, the alternative of meeting the gap 
by imports is not only a little uncertain but also 1s 
going to create a serious strain on our economic 
position ? 

It will be obvious to the reader that a case has 
been building up for paying greater attention to fuel 
efficiency, for making sure that we use the limited 
supplies of fuel available to us, whether they are. 
indigenous or imported, to the best advantage ; in 
other words for “Investing in Fuel Efficiency ”. 
Before conceding that point you may well want the 
answer to three questions. First, are the quantities 
still to be saved, after all the effort that has already 
been put into improving the utilisation of fuel in 
industry, substantial ? Second, what are the basic 
lines of approach to the problem ? Third, can the 
savings be obtained at an economic cost ? In fact, is 
the fuel efficiency game worth the candle ? If fuel 
efficiency can be shown to be good business, why has 
it been so neglected in this country ? 

What the total scope for savings is, is bound to be 
anyone’s guess. The official committees which have 
devoted so much time to the use of national fuel 
resources have been in the best position to review all 
the evidence. They came to the conclusion that the 
potential savings to be obtained in industry were of 
the order of 20°/,. 

They expected these savings to be obtained by 
operational improvements and by relatively minor 
capital expenditure. If projects such as the replace- 
ment of all industrial boiler and other plants over 30 
years were carried out — and about 49°/ of industrial 
boilers fall into that age group—or power developed 
by condensing steam engines replaced by power 
generated at Central Electricity Authority stations, or 
if power generation by back-pressure or pass-out 
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TABLE 1. 


Range of savings possible in various industries surveyed. 














INDUSTRY SAVINGS % 
Maximum in Average from 
any works Industry 
Brewing (including soft drinks) ... a 49.3 23.8 
Ceramics, Bricks, Tiles, Glass, Cement 50.0 15.4 
Food Products 40.6 14.2 
Engineering, Iron and Steel 66.9 27.5 
Woollen, including a 41.4 17.1 
Other Textiles 55.7 13.4 
Dyeing and Bleaching 34.0 20.7 
Laundries and Dry Cleaners 50.0 21.3 
Leather 50.0 20.5 
Paper, including Printing and Stationery 41.2 15.9 
Chemicals “o Fie ne ot 51.5 15.0 
Dairies 37.8 18.0 














engines or turbines by industrial firms were carried 
out to the economic limit, a much higher figure would 
be expected, perhaps 40% - 45%. 


We should not look upon the figures quoted above 
entirely as a reduction in the amount of fuel required 
to do a specific job, for we are concerned not only 
with saving fuel but also with increasing production. 
On a straight comparison basis of lb. of fuel per unit 
of product, 20°/, saving in fuel can be converted to a 
25°%, increase in production for the same fuel 
consumption, whilst 40°/, could give 66°/% more 
production. When, however, we take into account the 
basic fuel requirements of a works, which are 
independent of the volume of production, the figures 
for increased production could be considerably greater 
than those resulting from a straight comparison. 


The experience of the National Industrial Fuel 
Efficiency Service clearly indicates what the scope 
for savings still is without going into technical detail. 
During the past two years they have carried out nearly 


800 Heat and Power Surveys. Table 1 shows the 
potential savings that can be achieved in a variety 
of industries as a result of these surveys. 

The figures quoted support the potential savings 
estimated by the official committees. Where there has 
been gross neglect of fuel using equipment, whether 
on the side of steam and power generation or on the 
utilisation side of these services, it is frequently found 
possible to save 30°/, or more of the total fuel con- 
sumption. Where fuel housekeeping is reasonably 
good and there has been adequate technical control, 
the more detailed surveys show that the savings 
possible are, on the average, about 15°%%. Naturally 
there is great variation between industry and industry, 
in the attention paid to the utilisation of fuel. Asa 
broad generalisation, the scope for economy is less in 
those industries in which fuel represents a major 
part of manufacturing costs, such as iron and steel. 
Again it is less in the modern and so-called scientific 
industries, than in the older craft industries where, of 
course, equipment tends to be much older. 











TABLE 2. 
Variation between best and worst yields per ton of coal consumed in various industries. 
HIGHEST AVERAGE LOWEST 
INDUSTRY YIELD YIELD YIELD 
Cement 4.28 3.29 y Se 
Biscuits oe ae i 20.0 2.0 1.0 
Building Bricks (Intermittent kilns) 16.7 5.0 3.7 
Building Bricks (Continuous kilns) er 44.7 8.8 4.8 
Silica and Basic Refractories (Intermittent kilns) 2.3 1.5 1.1 
Grain Drying 224.0 80.0 56.0 
Laundry i 4, ab. ses Sis 5.0 1.0 0.4 
Beer His We Pee ...barrels 112.0 40.0 18.5 
Brewers Malt 7 6.0 4.2 
Iron and Steel, —s and Re- Rolling ¢ of f ingots 15.0 4.0 1.0 
Whiting 14.0 13.0 12.0 
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However, in almost every industry there is a 
staggering difference in the fuel consumption per 
unit of production between one factory and another. 
Examples from a number of industries are shown in 


Table 2. 


In making comparisons of firms within a given 
industrial group there is, of course, serious danger 
that you cannot be sure of comparing like with like 
in the product. To take beer, for example, the nor- 
mal fuel consumption per unit of production depends 
very much on the proportion of bottled beer to 
draught beer that the brewery is turning out. Even 
if one makes allowance for this, it would be rash to 
assert that all the bottled or all the draught beers in 
the country are identical. However, such differences 
are not sufficient to account for the enormous varia- 
tions in fuel efficiency that are shown in the Table 
and they demonstrate the scope there is for reducing 
the consumption merely by bringing the worst prac- 
tice up to the level of the average. 


This brings us to the basic lines of approach to the 
problem, which must be considered under two head- 
ings, short term and long term. Taking them in the 
reverse order, ultimate fuel efficiency demands that 
all plant and equipment must be designed, con- 
structed, installed, operated and maintained correctly, 
and be replaced before it reaches the museum piece 
stage. This requires extensive and intensive training 
schemes at all levels—management, fuel technologists, 
designers, engineers, plant operatives, stokers, etc., 
coupled with plant manufacturing facilities and heavy 
capital expenditure for the replacement of obsolete 
and inefficient equipment. 


The short term policy can be put into operation 
iunmediately and will gradually merge into the long 
term plan. There are very few concerns that could 
not reduce their fuel consumption by at least 10% 
with very little effort and negligible expenditure by 
such simple things as improved or planned mainten- 
ance, training of operatives, thermostatic control of 
equipment and structural or plant insulation. 


Education and Training 


There is a serious lack of knowledge on the boiler- 
house and furnace floors where so much fuel can be 
wasted when an ill-trained man, or a man with no 
training at all, is set to work firing by hand. Every 
effort should be made to ensure that boiler and fur- 
nace operators are trained. It goes without saying 
that this instruction must be as practical as possible. 
If it is to be acceptable to the operator, it must give 
him the opportunity of obtaining a certificate of com- 
petence from a recognised authority, Such authori- 
ties, quite understandably, will not make awards, un- 
less the courses of study meet certain minimum 
requirements. Yet that conflicts with the need that 
these particular courses should be as brief as possible. 


For fifteen years, great efforts have been made to 
train boiler operators at technical colleges up and 
down the country. For all that has been achieved, 
no one will deny that the results, in terms of numbers 








trained, have been disappointing. The one gleam of 
hope is the system developed by the National Coal 
Board for their own firemen, that of bringing the 
training to the men by instruction on site, backed by 
home study material. 

N.L.F.E.S. offered this system to general industry 
for the first time last autumn, and have no doubt that 
it represents the best opportunity of saving more coal 
quickly. It is interesting to note that about 2,000 
boiler operators will sit for the City & Guilds B.O.C. 
examination, this year. 


Maintenance of Plant 


Much has been written about the savings that can 
be achieved by attention to such items as leakages 
from pipe flanges, safety valves blowing, or by-passed, 
defective insulation, air infiltration through boiler 
settings, badly fitting furnace doors and dampers, 
choked filters, etc. 

Lack of attention to these items, and many others 
which can be called to mind, does waste an enormous 
amount of fuel. Nevertheless, these items should not 
be considered under the heading of fuel efficiency, 
but under that of defective maintenance. 


Boiler Plant 


Statistics produced by the Ministry of Fuel and 
Power, as a result of their Survey of Potentialities for 
Back-Pressure Generation of Power, indicate that the 
average evaporation in steam plants at works using 
over 2,000 tons of fuel per annum is 6.7 Ib. per lb. of 
fuel. The same survey indicates that over 49°/, of the 
boilers in use are over 30 years old. Assuming an 
average gross C.V. of 11,500 B.T.U. per Ib. for the 
coal used, it gives an average boiler plant efficiency of 
63°/, which leaves much to be desired. 

Table 3 gives an indication of the savings that can 
be achieved in the boiler house by the various im- 
provements which can be made. It should be clearly 
understood that these figures have been obtained from 
wide experience of many types of boiler installations. 
They carmmot be applied as such to any particular 
plant, but they do give some idea of the savings which 
can be expected. 


Power Generation 


Industries fall into three categories, namely, the 
large steam users, whose steam demand is always so 
great that they can generate more than sufficient 
power for their needs; those whose power and steam 
requirements are normally balanced; and those whose 
power requirements are greater than could be met by 
back-pressure generating plant. There is a constant 
flow of factories from the first category to the second, 
and from the second to the third. The more efficient 
a factory becomes, on the steam utilisation side, the 
more certainly and speedily does it pass into the third 
category. The reasons for this are quite simple; every 
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TABLE 3. 


Savings obtainable in boiler plants. 








SAVING AS % OF 








IMPROVEMENT TOTAL FUEL 
USED 
Use of feed pump exhaust for feed heating or 
reconditioning of feed pump 2-7 
Replacement of steam jets for fire bar cooling 2-8 
Overhaul of safety valves to prevent blowing ... Up to 8 


Recovery of heat from blowdown or reduction of 


blowdown Up to 3 
Improved firing Up to 20 
Installation of economisers Up to 12 
Descaling of boilers Up to 7 
Reduction of air infiltration ie Up to 3 
Prevention of internal leakage in brickwork... Up to 7 
Avoidance of by-passing of economisers . , Up to 7 
Insulation and covering of feed and storage tanks Up to 4 











economy in the steam used or heat conserved in the 
factory processes reduces the amount of steam avail- 
able for power generation. Most technical improve- 
ments reduce the factory heat demand and increase 
the power demand. Almost every labour-saving 
improvement also increases the power demand. 

A large factory in the first or second category can 
generate power with about 40% of the coal used by a 
modern condensing power plant by passing the steam 
on its way to the heating process through an engine 
or turbine. Even a modest engine in a small factory 
need only use about 66°/, of the coal burnt per unit 
generated by a condensing plant, 

Factories in the third category must either purchase 
their deficiency from public supply or generate their 


own power by condensing part of their exhaust steam. 
There are many old-established factories in this cate- 
gory which generate their own power as a matter of 
custom. Unless factories are using the exhaust from 
their engines or turbines, they may, in extreme cases, 
be using two or three times as much coal as the large 
condensing power plants. 

The amount of power that can be generated from a 
given weight of steam may be increased by raising 
the initial pressure, by superheating or by decreasing 
the back-pressure, but the benefit at the high pressure 
end is very much less than that obtainable by an equal 
pressure decrease at the low pressure end. 

There are many industries which, in addition to 
using low pressure steam for process purposes, also 


TABLE 4. Savings obtainable in Process Plant. 





Saving as % of 





Reduction of steam pressure 





IMPROVEMENT steam consumption 
in unit 
Covering of dye-vats 30-53 
Effluent recovery from dye-vats 30-40 
Insulation of bleaching kiers Up to 7 
Replacement of external heat exchanger by pump 
circulation round bleaching kiers Up to 9.5 


Mechanical removal of water, hydro-extractors Up to 12 
Air recirculation and humidity control of textile 


dryers si Up to 35 
Vapour recovery from brewing coppers a Up to 48 
Condensate recovery and return to hot well... Up to 10 
Use of flash steam ... Up to 15 
Thermostatic control of unit heaters ae Up to 16 
Effluent recovery from cake washers, rayon 

industry , Up to 60 
Thermostatic control of ‘steam ‘used for direct 

injection to tanks, vats, etc. Up to 30 
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require very large quantities of hot water, for in- 
stance, carpets, dyeing, rayon, laundry, etc. This 
hot water can often be made available in conjunction 
with power generation, by making use of a proportion 
of the exhaust steam or by continuous circulation of 
water required for process purposes through the 
condenser, 


Table 4 summarises the savings that have been 
achieved by modification to process plant by various 
methods. The figures given do not represent either 
the maximum or the average to be expected by any 
particular plant modification. 


The problem of obtaining a high degree of fuel 
efficiency is not entirely an engineering one. There 
are numerous text-books and papers available that 
show exactly what can be done, and there are well 
qualified engineers who are prepared to discuss prob- 
lems at any time. The real problem is to persuade 
management to get expenditure on fuel supervised as 
carefully as they do other manufacturing expenses. 
Management insist on the close control of raw 
materials, stores, stationery and even stamps, but when 
it comes to the control of fuel, heat and power, it is 
left only too often in the hands of unskilled operatives. 


Although large fuel savings have been shown as 
possible, this does not necessarily reflect on the cap- 
abilities of the engineering staff; only too often is the 
engineer required to provide the essential services and 
then find that he has no control whatsoever over their 
usage. In order to increase productivity and reduce 
fuel wastage, Directors and Managers must ensure 
the closest possible liaison and co-operation between 
engineering and production staff. 


Can the savings mentioned be obtained at an 
economic cost? Is there a danger that in our en- 
thusiasm to save fuel we are advocating measures 
which will not produce a satisfactory return on capital 
expenditure? Many industrialists immediately assume 
that it is necessary to spend large sums of money on 
new plants before reasonable fuel savings can be 
achieved. Experience has shown that this is not cor- 
rect. Of the works surveyed, a large percentage of 
the savings can be achieved by operational control 
and planned maintenance with relatively little ex- 
penditure. As a general rule, seven years for repay- 
ment of capital is the maximum that is recommended 
and frequently capital expenditure can be recovered 
from the gross value of the fuel saved within three 
years. The laws of supply and demand will inevitably 
make all fuels more costly even than they are now, so 
any fuel saving equipment which proves economic on 
present day prices is bound to show even greater 
economies over the life of the plant. 


N.LF.E.S, brochure “Fuel Efficiency Pays” illus- 
trates a hypothetical, but unrealistic, case in which 
the benefits to be obtained are worked out in full. The 
argument in that brochure is related to the Govern- 
ment Loan Scheme whereby money is made available 
for fuel efficiency schemes on terms free of interest for 
the first two years, and thereafter at commercial rates 























of interest with repayment over a period of up to 20 
years. 


Up to the end of March, 1956 the total amount of 
loans granted was just over £2.25m.; 42% of this 
sum was for schemes concerned with oil conversions, 
the average capital expenditure being £5.7 per ton 
of coal released. The average capital expenditure 
required to save one ton of fuel by fuel efficiency 
methods, such as the installation of mechanical 
stokers, insulation, economiser, heat-exchangers, back- 
pressure engines or turbines, etc., was approximately 
£13. This figure confirms the view expressed earlier 
that capital expenditure can frequently be recovered 
from the gross value of fuel saved within 3 years. 

The above figures refer only to the proposals which 
have qualified for the Government Loan Scheme. 
These can be regarded as typical of the possibilities in 
small or medium-sized firms, but of course the poten- 
tial is very much greater than the savings so far 
realised. 


It is quite interesting to try to compare the econo- 
mics of fuel efficiency in industry with that of other 
schemes of capital expenditure, in support of which 
the claim is made that, among other advantages, they 
will bring relief to the coal industry; for example, 
with the construction of new power stations, which 
now needs less than | lb. of coal to generate one unit 
of electricity as compared with the present average 
system of about 1.25 lb./kWh; with the plan for 
modernisation of the British Railways by electrifica- 
tion and dieselisation; and with the cost of developing 
nuclear power as announced in a recent White Paper. 


The difficulty in trying to compare these schemes is 
that none of them have coal saving as their sole objec- 
tive, so that one could argue for ever as to what part 
of the capital expenditure should be taken into con- 
sideration. This, of course, is also true of fuel 
efficiency schemes, which more often than not yield as 
much in improved productivity as in reduced fuel 
costs. 


The figure for power stations is based on statements 
made in the Seven Year Record 1948-55, that the 
result of installing more efficient plant since vesting 
date has been to reduce coal consumption by 174 
million tons from what would otherwise have been 
required. To achieve this, nearly 7? m. kW of new 
plant has been installed at a cost of some £462 m. 
This gives a capital expenditure of £26.4 per ton of 
coal saved. 


The capital cost figure for the railways is taken 
from the British Transport Commission’s recent report 
on modernisation. It represents the proposed expendi- 
ture on locomotives for electric or diesel traction, plus 
the civil engineering work involved but not the costs 
of providing additional power stations. The estimate 
for coal saving comes from Spencer’s Paper and as it 
is based on the assumption of 100° electrification, it 
errs on the generous side. The capital cost per ton of 
coal saved works out at £43. 


The figures for power from nuclear energy—£50 
per ton saved—are based on the current White Paper 
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plans. If credit is given for the fact that these nuclear 
power stations will make the construction of conven- 
tionally-fired power stations unnecessary, then the 
capital cost can be reduced to £30 per ton of coal 
saved. 


If fuel efficiency is such good business, why has 
it been so neglected in this country? 


Part of the answer may be that management is not 
indifferent but that it is insufficient. There are so 
many problems that beset those in charge of industry 
today that, in the average concern, there is just not 
enough managerial time or technical experience to 
go around. Consequently the available time tends to 
be concentrated on the production line at the expense 
of the services. If £10,000 worth of the firm’s pro- 
duct was regularly spilt on the factory floor, manage- 
ment would be on to it. £10,000 worth of fuel wasted 
in the boilerhouse or in steam utilisation more easily 
escapes detection. 


Another part of the answer is that fuel using equip- 
ment is generally robust and long-lived. By far the 
greater part of such equipment in British industry 
today was installed in those pre-war days, when coal 
was not only cheap but so abundant that we were 
devoting our energies to finding new ways of using 
it up. The efficiency of the plant, therefore, reflects 
the economics of a vanished era. It is perhaps under- 
standable that the limited capital available in the 
years immediately after the war should have been used 
first for improving production methods. There was 
always the chance that if the fuel shortage was 
ignored, it would go away. 


N.I.F.E.S. are finding, however, that the attitude 
of industry towards fuel efficiency is changing, partly 


no doubt as the result of the sharp increase in cost of 
fuel, and partly due to the fear that with the decline 
in coal production coupled with the desire for in- 
creased productivity within industry, there may be 
insufficient fuel to meet the needs of industry, Table 
5 gives an index of how industry’s demand for 
N.I.F.E.S. services has increased during the two years 
which the organisation has been operating. 


One repeatedly hears of the decline of manpower in 
the mining industry which has dropped since 1939 by 
62,300. In 1939 the percentage of absenteeism was 
just under 7°/,; it is now 12.2°/ so that the virtual loss 
of manpower is not 62,300 but 94,700. If absenteeism 
were reduced to 10% it would be equivalent to re- 
cruiting a further 17,360 miners and increasing coal 
production by 5.17 million tons. If the pre-war figure 
of 7°/, absenteeism were achieved, it would be equiva- 
lent to recruiting a further 39,500 miners and increas- 
ing coal production by 11.8 million tons. Is this effort 
too much to ask or expect? 


In the next ten years the N.C.B. plan to spend 
£1,000 million, at current prices, on development of 
the mines and hope to increase output from 221 
million tons to 240 million tons, ie., by 8.6%. Can 
we afford not to invest a fraction of this capital on 
industrial fuel efficiency measures? Is there any point 
in spending vast amounts on producing or importing 
more fuel simply to meet a large demand created by 
wasteful practices? 


Fuel efficiency must play an increasing part in the 
solution of this problem of finding the supplies of 
energy to support the country’s industrial develop- 
ment. We cannot attain our objective without 
“Investing in Fuel Efficiency ”. 








TABLE 5. 
REGULAR VISITS MADE 
ENGINEER SURVEYS SERVICE UNDER FREE 
DAYS MADE AGREEMENTS ADVISORY 
AVAILABLE SIGNED SERVICE 
1954 2nd Quarter ee ie 4285 27 1535 
3rd Quarter pss sos 6201 53 10 2211 
4th Quarter ra pi 7105 102 26 2113 
1955 Ist Quarter ods wus 7830 145 42 1837 
2nd Quarter os dete 8159 97 39 1745 
3rd Quarter oe aon 8114 71 35 1933 
4th Quarter ie on 9331 149 74 1888 
1956 Ist Quarter vt um 10762 178 108 2014 
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SESSION VII 


INVESTING IN 


BETTER FACTORY DESIGN, 


CONSTRUCTION AND LAYOUT 


by DONALD TEMPLE MYERS, Dip.Arch., Dip.T.P., A.R.I.B.A. 


Mr. Myers is an architect in private practice and a consultant architect, 


a is still a great deal we need to know about 
the general requirements for the design of buildings 
for specific industries, their comparative suitabilities 
and operating costs. 

Any course of betterment naturally demands a 
detailed knowledge of the problems involved, problems 
which vary from industry to industry. So that in 
such a short Paper, even with full knowledge, one 
could only indicate the signposts which point the way 
to better factory design. Consequently one cannot 
elaborate upon the merits and demerits of various 
types of construction for they would appear to vary 
with the industry, the time and the place. Before 
we can have correctly functioning factories as normal 
representatives of every industry, we need — more 
knowledge, gained from a very detailed and up-to-date 
study of industry. There must be a ready source of 
information upon the conditioning factors of various 
industries at the disposal of the men who design for 
them, so that no time is wasted in unnecessary 
individual research. For today, in its highly specialised 
forms, industry can only function properly in 
specialised buildings which are themselves half 
machine. 

This is not to say that out of the specialised needs 
of individual industries we shall not, by research, find 
a great deal of common ground thus facilitating a 





greater economy in cost and time by permitting 
standardisation of more parts of the building. This 
has occurred in America and is partly responsible for 
their amazingly quick construction times. The 
Americans discovered that many specialised and 
diverse functions could operate in the same basic type 
of building, developed from a need for adaptability 
from war.to peace production, They have produced 
standardisation, by research, out of specialisation. 

We could, in turn, perhaps develop a series of 
building types, suitable for our needs in this country, 
which would be specialised in their flexibility, that is 
to say, in their ability to absorb production changes. 
And surely this a basic need for the better factory 
today. But first we need the knowledge and this need 
I intend to discuss in more detail later. 

Suffice it to say that this Paper is built upon 
indications of common needs of industry which could 
be rationalised by a research programme capable of 
benefiting industry as a whole. 

Any such programme would have to take automa- 
tion into account, for if full automation can give 
almost 100°/, production efficiency, then logically, a 
better factory could be one which is progressing to- 
wards automation. We can expect certain changes in 
the architecture of both factory and office; for 
automation has made of the factory a conscious 
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mechanism, allied in its functioning to the human 
body. It has a brain, nerves and eyes. 

The covering to the human process is a specialised 
one; the result of the processes within and the 
conditions imposed from without. It gives a degree 
of protection, acts as a filter, and gives enclosure to 
vital organs. So also then, would the covering to the 
automatic factory be a specialised process, the result 
of conditions imposed from within and without. It is, 
therefore, considered essential that we align any study 
of factory design with a consideration of the effects 
of automation so that we are fully capable of 
utilising its vast potentialities. 

There is today a great need for technological 
integration, and we must remember that new times, 
new methods, whether in factory or office, sometimes 
call for different architectural solutions. 


PROCESS + BUILDING = PRODUCTION TOOL 


We no longer think of process on the one hand and 
building on the other. The building is, or should be, 
the result of the conditions imposed by the manu- 
facturing process and a crystallisation of the thoughts 
of the many specialists involved in its design. The 
result of this is a fusion of building and process, 

We know that if the building does not work then 
the process cannot operate at maximum efficiency and 
the result is a faltering production tool. Thus, the 
building has a key part to play in production, for 
considerations of siting and transport, initial building 
costs, and maintenance, are all reflected in the final 
price of a product. 


The Better Factory and its Importance Today 


Our aim must be to produce industrial buildings 
which will work as hard as the machines they house 
in enabling us to turn out finished goods economically. 
Thus, the better factory would appear to be a 
synthesis of the ultimate in machinery and the 
building which will contain that machinery in the 
most adequate way. 

It is well, at this stage of our economic and social 
history, that we, as a nation, do not under-estimate 
the urgency of such a concern. For already we feel 
the growing pressure of foreign competition. And, 
with the advent of automation, which will probably 
integrate building and machine to their ultimate stage, 
many of the present under-developed countries will 
be able to take their place in the lists of industrial 
rivalry. Moreover, the use of nuclear energy will 
obviate another former deterrent to industrialisation 
— lack of conventional fuel supplies. 

Thus, if we are to continue to compete on world 
markets and enjoy any trading advantages leading 
to an increased standard of living, it is essential that 
the buildings of industry make a direct contribution 
to increased efficiency of production. We must strip 
down and examine the costs of our produce, and 
architects have their part to play in ensuring the 
economy and efficiency of the buildings which house 
the machines. 
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The study of factory design is the history of 
industry and is a composite of several subjects, each 
of which provides material for a Paper on its own, 
particularly when requirements differ from industry 
to industry and often within the same industry. It is, 
then, necessary to give a sense of pattern and cohesion 
and build a framework of common needs upon which 
to discuss industry’s past mistakes and future require- 
ments. 

The common need is space, and industry, in 
general, suffers from :- 


lack of space ; 
or 
mal-use of space, 

Space, in architecture, is not an abstract quantity ; 
rather is it the only reality. The architect’s prime 
function is held to be that of an analyst of space. 
In designing a building, we think in terms of the 
eventual use of that building and it is this use which 
enables us to place on paper a few tentative lines 
indicating the confines of the building or the limits of 
space. These limits, the walls, floors and roof, have 
a job to do in relation to that space, for they enclose 
it and preserve its environment. The space becomes 
the medium through which we achieve the heat, light 
and sound qualities of the building. By talking of 
space, we refer to space and its elements, heat, light 
and sound and we think of it as a living thing which 
we create from the pattern of needs of a process 
or function ; by structure we achieve it, and by 
enclosure do we preserve it. Thus, architecture 
becomes the creative manipulation of space and its 
confinement by technology. 

Thus, our factory buildings become units of space 
designed around the differing requirements of 
individual industries, their production areas, storage 
areas, and office areas. For the purposes of this Paper 
we can apply such an analysis of space to each of the 
related stages in the manufacturing process, knowing 
that it is only by an increased awareness of the true 
nature of space and its elements that we can hope to 
provide an industry functioning at its full potential. 

Thus, we can expect that the better factory must 
make a’ more intelligent and realistic use of space 
and will have :- 


1. A production space engineered for efficient 
running with preplanned maintenance, flexi- 
bility of production and expansion designed 
into the building. 


2. A storage space designed closely around the 
movement of material yet permitting flexibility. 


3. An office space designed around the exchange 
of information rather than pieces of paper. 


4. A welfare space which is the whole factory 
complex and not merely the recreation areas 
and amenities. 


5. An enclosure to the space which will work to 
maintain whatever climatic conditions are 
necessary for a process and so cut down heating 
and cooling bills, and which will possibly 
make greater use of standardisation and 
prefabrication. 








































A site chosen for both present and future needs. 


7. Generally, economical buildings which will go 
up on schedule, and, once up, will require little 
maintenance. 


However, to discuss, in such limited space and 
time, so complex a subject as factory design one must 
be selective and deal only with fundamentals. 
Consequently I have either omitted or dealt 
lightly with those of the above sections of an 
industrial organism which have either been treated 
extensively elsewhere or which form a_ separate 
subject. I refer specifically to Welfare and the work 
of the Industrial Welfare Society, Lighting Service 
Bureau and The British Colour Council and office 
buildings which form the basis of an individual study. 


PRODUCTION 


‘The client’s analysis of the problem must be the 
first move towards its solution.’ — Kahn. 

The shape of the space, and certain of its 
characteristics, depend upon the individual industry 
and its requirements. We can, therefore, only survey 
points which have a general application to industry 
as a whole. 

The major issue is that industry never seems to 
have enough space. New machines are developed 
and have to be crammed into existing inflexible pro- 
duction areas which were not originally designed for 
them. Positioning of such units is naturally 
circumscribed and once such a move is made within 
a production area a host of attendant troubles, such 
as the following, may arise :- 

(a) faulty positioning of secondary machines ; 

(b) irregular supply of raw materials ; 

(c) frequent buffers to absorb irregularity of 

production ; 

(d) broken or hyphenated production lines ; 

(e) crossed circulation ; 

(f) inadequate heights, spans and load bearing 
capacity ; 

(g) inadequate and badly laid down services. 

It is unlikely that we have any one industry suffer- 
ing from all of these complaints. They can, however, 
occur in any industry which attempts to operate 
within inadequate space. 

Therefore, designing for an industry means creating 
flexible space specifically for that industry, in such a 
way that it is allowed to expand, or contract properly, 
and readjust itself easily and economically to meet the 
changing demands of the age, 


Designing for Flexibility 

Flexibility incorporated in the design means 
visualising changes in production which will require 
either new machines or a relocation of old, and/or 
the future expansion of the building to accommodate 
increased production. 

Some of the large car plants in the U.S.A. have 
virtually grown out of this need for flexibility, for 
car design has always been subject to the external 
trends of taste and the market. The manufacturers 





demanded factories which could be gutted from end 
to end whenever it became necessary to revamp the 
production layout. The main plant quite often 
consisted of only one building, a huge structure with 
a flexible positioning of wiring points in a vast, 
column free production area over which was jacked 
a flat roof, acres in extent. Machines could be re- 
located and coupled up with the minimum of 
interference from the confines of the building. 


The main elements constituting flexibility are roofs, 
floors and services. Walls, which should be flexible 
in that they can be taken down in sections and reused, 
are considered under “ Enclosure ”. 


Roofs. If, in designing to meet future demands, the 
precise pattern of development cannot be visualised 
clearly, then the basic need may be for a production 
area as free as possible from obstructions. Thus the 
roof becomes an increasingly important element of 
design, for by adopting large span systems of con- 
struction we can free the production area of the 
customary forest of columns, each of which sterilises 
from 9-16 sq. ft. of working floor area. Designing 
in steel over large spans, we are, to a great extent, 
limited to pitched roofs and deep chord trusses. 
Within the depth of such roofs we can house power 
and service leads which would formerly have impeded 
changes on the floor. A strengthening of the bottom 
chord of these trusses would allow for future over- 
head conveyors and handling equipment at any 
point. If this heavier loading is designed into the 
truss, the cost of the extra material is negligible. If, 
however, such roofs need to be modified later, the 
cost will be multiplied many times, for as with most 
jobs, it is the handling and not the material which 
costs the money. Moreover, even if it were 
possible to adapt roofs for future loads, it could 
perhaps involve a temporary stoppage of production. 


Floors. Adequate flexibility in floor construction 
entails making provision for the easy relocation of old 
or a laying down of new machines. Frequently, 
machines have had to be torn bodily from their 
holding bolts, they have then been re-positioned and 
concreted in once more and the old area of floor 
hacked up and relaid. Difficulties have been en- 
countered when the existing floor at the new location 
has not been strong enough to take the load, thus 
necessitating new machine foundations. 


If the pattern of production change can be con- 
fined to a certain area, then that area could have 
adequate foundations for any machine shift. Another 
system would be to place continuous strip foundations 
under the production line, or at various points to 
which moves may be contemplated (Fig. 1). 


But I feel that this is not really tackling the 
problem at source. If we decide that flexibility is a 
good thing, then it must be a ccmplete flexibility 
which does not cease at roof and walls and services. 
It must extend into the actual floor itself. There 


must surely be a more civilised method of planning 
for the relocation of large machine units than by 
having to hack up concrete. 
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All presses are on a continuous foundation strip designed to take machine 
loads at any point. This makes it possible to move presses if 
necessary to keep pace with production developments. Use of 60 ft. 
trusses made it possible to r the total number of interior columns in 
this 120 ft. < 240 ft. area to a total of three, thus, further 
facilitating any movement and re-alignment of machinery. Since the 
photograph was taken the factory has been taken over by a manufacturer 
of major household appliances who has found it ideally adapted to his 
operations. The former owner made automobile equipment. 

(Photograph by permission of The Austin Company, 

Engineers and Builders, U.SA.) 
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Fig. 2. 
Nine Mile Press Plant — showing 130-inch, 1,100-ton Torque Drive 
Toggle (Hamilton) Press. 

















Fig. 3. 





Nine Mile Press Plant — basement under typical Press Bay, showing 

concrete supporting piers and main longitudinal beams on each side. 

View also shows cross beams for supporting grillage floor. The beams are 

part of the system of structural supports for presses that permits maximum 

flexibility in press location, both for initial installation and future changes. 
Lower part of large press in background. 


Perhaps a pointer in the right direction is afforded 
by the interesting example of built-in flexibility at 
the Chrysler press plant in the U.S.A. Before re- 
design these presses had most of their moving parts 
above floor level and were set in deep pit foundations 
which made relocation almost impossible. Now, only 
the actual metal-forming sections are above the floor 
with the moving parts in a service basement below 
floor level, providing readily accessible servicing 
space. Thus relocation simply means taking up the 
surrounding oak flooring slabs and craning the press 
in sections to the new anchorage (Figs. 2 and 3). 

In certain industries, to obtain complete flexibility 
in the positioning of machines the whole floor could 
be formed of a suspended framework. The areas 
required for the machinery would be left open to the 
basement under, with the other areas paved by pre- 
cast slabs. The cost of this flexibility would be offset 
by the provision of the basement for the servicing of 
the machinery and maintenance. 


Services. The increasing control exercised over some 
processes has placed greater emphasis upon the 
functioning of the mechanical equipment and services 
which can together absorb almost half of the cost of 
the building. 

For full flexibility of process, then, these services 
should be as amenable to future changes as the 
machines themselves. 

We can ensure this adaptability by leaving the 
production floor virtually free of built-in service points 





and placing the service leads either in the roof space 
or in an open basement under the production floor. 


Roof Space. A standard power distribution system in 
continuous ducting can be slotted into the roof space 
so that machines can be plugged in at any point. 
There is then no question of available power points 
freezing a layout, or power leads trailing over the 
floor (Fig. 4). 

The roof space may also be designed to take all 
the heating and ventilating equipment, which may be 
assembled on the floor on platforms and then raised 
up into the roof. This eliminates working on 
scaffolding in the roof space and effects economies in 
labour. In one plant in America, $3,000 per unit 
of three is said to have been saved by this method. 

An increasing number of industries are finding 
some measure of controlled interior conditions in- 
dispensable for a correctly functioning process. Even 
where the process itself does not need it, air cooling 
is often necessary to counteract the heat from the 
machines and the higher intensities of lighting. 

In America, where the demand is much greater, 
there is a high degree of standardisation of condition- 
ing equipment; in some instances it is provided on a 
‘controlled climate by stages’ plan (see caption to 
Fig. 7). Perhaps, with the advent of automation, 
controlled conditions of operation will be so essential 
that standardisation will be practicable in this 
country, 


451 


















Fig. 4. 
An overhead system of flexible wiring provides power for both the 
production machinery and the building utilities (pumps, fans, unit heaters, 
etc.). To make any additional hi tions or changes in layout 
of various departments it is necessary only to disconnect the fused plug-in 














device at the ‘bus’ (black conduit shown in photograph) exposed 

overhead. The main factory lighting is also taken from the bus-way 

system through small transformers mounted high on the columns. 
Clark Equpt. Coy., Jackson, Mich., U.S.A. 


(Photograph by permission of Albert Kahn Associated 
Architects and Engineers Inc., Detroit, Mich., U.S.A.) 


Underfloor. An underfloor system of conduit and 
piping provides ready access and changeability for 
future machine connections. In the Western Electric 
Company’s electronic plant in U.S.A., a packed wood 
maple floor gives access for direct connection to 
distribution lines. This grid of services includes 
distribution lines for compressed air, illuminating gas, 
oxygen, hydrogen, nitrogen, steam and water. Each 
is suspended from the steel floor beams and is painted 
a distinctive colour (Fig. 5). 


Automation 


Some degree of automation will appear in most 
industries from process to metal-working and 
assembly. It will probably occur in simple stages, shop 
by shop, until, in some cases, a complete production 
system is automated. However, there will be the 
instances when automation is considered initially, 
with the architect briefed for the design of suitable 
buildings to accommodate what amounts to an auto- 
matic factory. 


The most significant fact which emerges from a 
study of automation and the buildings concerned is 
that with the closing up of machine processes and the 
consequent cut down in circulation space, there is an 
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average floor space economy of 50%. Thus, the 
production buildings may be smaller in area (Fig. 6). 


There may not be the necessity for the vast, 
enclosed spaces which we now associate with industry ; 
spaces both difficult to span economically and 
expensive to heat and condition. If such spans were 
indeed reduced it could mean thinner chord roofs of 
portal frames, in welded steel, alloy, or concrete. 
This would effect an immediate saving on walling, 
for a large span truss must be deep to fulfil its 
function. The difference between depth of a portal 
frame and a truss could be as much as 6 ft., so that if 
we take the example of a factory with a floor area 
of 100,000 sq. ft. we will easily see the cubic content 
involved. 


Flexibility. The question of flexibility within an 
automated production line is complex and interesting, 
and it is difficult to imagine production changes being 
either frequent or fundamental. The immense capital 
involved in the design and provision of automated 
machinery makes it essential that a large and reliable 
market is reasonably assured. However, it would 
be against the laws of nature if changes were not 
subsequently required, and I think it must be accepted 











(Photograph by permission of The Austin Company, 
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This analysis by the Ford Motor Company shows the floor space economies 
resulting from the adoption of transfer machines for a particular job. 


(Diagram by permission of ‘ American Machinist ’.) 














that provision for flexibility in the production line 
vill be built into the machinery. (This will, of course, 
cequire great forethought, almost to a degree of 
clairvoyancy, and I am only grateful that this is not 
the responsibility of the architect.) 

A degree of flexibility is incorporated in some of the 
existing examples of automated machinery. In the 
automated line for the production of turbo-compound 
aircraft engines at the Wood Ridge plant of the 
Curtiss-Wright Aircraft Corporation in America, 
different models can be produced with the same 
equipment and still more powerful future models can 
be assembled using the same technique. 

Furthermore, in 1946, John Sargrove perfected 
ECME, the machine which turned out radio sets at 
the rate of one every twenty seconds. He came up 
against and solved this basic problem of the auto- 
mated factory — flexibility. His machine will take 
product change in that a number of different circuits 
can be turned out with only minor variations in the 
mechanics of the apparatus. Each processing stage 
is housed in a separate cabinet, which can be removed 
from the line or altered as variations in the circuit 
design are called for. 

When changes in an automated line become 
necessary, conveyors or particular transfer machines 
could perhaps be adjusted to take the new machine 
unit. Thus the automated line would vary little in 
its overall length. 

It might, therefore, be anticipated that a great 
proportion of the flexibility required for an automated 
factory would be provided by the machinery itself, 
in which case, flexibility of production would cease 
to have such control over the architectural approach 
to the factory. 

In my summary of the possible effects of automa- 
tion, however, I hope to show that, apart from this 
negation, it will give a most positive impetus to our 
industrial architecture and allow us architectural 
solutions as completely rational and as exciting in 
design as the machine solution. 


Design of the Enclosure 


Today the design of the enclosure to industrial 
buildings is no longer a simple matter of keeping wind 
and weather from the machines, for many of our 
processes demand rigorous control of atmospheric 
conditions within the factory, and the materials of 
which the enclosure is made can help to perform 
these functions. These conditions fall into the three 
main categories of adequate thermal insulation, good 
sound levels, and well designed lighting. 


Thermal Insulation. Every year, in this country, a 
fortune is spent on heating bills due to ill-considered 
heating programmes, and an equal fortune can be 
saved by correct thermal insulation of our buildings*. 
Even the most elementary forms of applied insulation 
can effect considerable savings, as in the case of one 
particular firm which saved £1,500 in their first 
winter, by the mere addition of a cheap insulating 
material. They then insulated their stores and cut 


their fuel bill by another £1,300. 
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Even better results can be obtained if thermal 
insulation can be designed into the building, for 
thermal calculations made whilst the building 1s still 
in embryonic shape can often result in a safe reduc- 
tion in the scale of heating plant. 

The enclosure itself must exercise thermal control 
and act as a balance between outside and inside tem- 
peratures, determining the rate of heat exchange, It 
should neither transmit inner heat to the outside nor 
outer conditions to the inside. If this were always 
effected with total efficiency, then stepped-up heating 
or cooling programmes would become unnecessary. 

In the interests of heating, lighting, and ventilating, 
the influences upon size and position of windows are 
absolutely conflicting. The solution has often been 
one of compromise with perhaps the _ usual 
accompanying lack of merit. 

In industrial buildings, natural lighting and 
ventilation are difficult to control and the desirability 
of incorporating views into the production area is 
most debatable. Windows in walls can light only to a 
certain depth, after which to light by natural means 
we must use roof lights, such as North lighting or 
monitor construction. The latter tends to be even 
more thermally extravagant than strip wall lighting, 
as the diagram will show (Fig. 7). Furthermore win- 
dows need to be cleaned and maintained. Outside they 
are accessible, but far more dirt collects on the 
inside where they are often less easily reached. 

The most powerful argument against resorting to 
artificial lighting and ventilation, and in consequence 
the scrapping of windows, is that of psychology. How- 
ever, it'is interesting to note that in Sweden, where 
the greater part of her defence programme is under- 
ground, a survey** indicated that there had been no 
adverse effect on the health and comfort of the 
worker. Indeed, with the measures of control now 
at our disposal, we can often preserve more satis- 
factory and constant working conditions by artificial, 
than by natural means. 


Sound Insulation. Opinions differ on the effect of 
noise upon the human make-up. However, a well- 
known neurologist *** found that brain pressure in- 
creased by as much as 400% during sudden, loud 
noise. It causes irritability and ‘ undue excitation of 
the nervous system’. Constant, loud noise not only 
has a direct bearing upon general conduct but also 
strictly limits powers of concentration, Yet very 
little attention has been given to preserving sonic 
standards in industrial buildings. 

The major sonic function of the enclosure is to 
preclude sound transmission, both in and out of a 





* The National Industrial Fuel Efficiency Service has 
many case histories which bear out the savings possible. 
One in particular, concerns a firm in Scotland who had 
considered the necessity for installing a new boiler, cost 
£15,000. An N.I.F.E.S. survey showed that the purchase 
of a second boiler would be unnecessary if the factory 
roof were insulated and the rate of air charge restricted. 
Cost of insulation was £25,000; a reduction in the 
company’s fuel bill of £5,700 per annum, in addition 
to the saving of a second boiler. 

** Joint investigation held by Swedish Confederation of 
Employers and Trade Unions. 

*##Dr. Foster Kennedy. 
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building. In industry, we are mainly concerned with 
reducing the noise from the process to a bearable level 
internally, and ensuring that whatever noise there 
remains shuttling around after treatment does not 
escape to cause nuisance to other sections of the 
factory or to surrounding development. 

Consequently, I would recommend that acoustics be 
given early design consideration, for an acoustical 
engineer can suggest and incorporate precautions 
against nuisances such as undue transmitted noise 
from air conditioning equipment and machine 
vibration. 

It would be even better, of course, if the machines 
themselves could be given greater acoustic considera- 
tions, thus stopping internal noise at source. 

Floors depend mainly upon construction for their 
insulating performance, owing to floor sound being 
one of impact from trolleys, fork-lift trucks and 
reverberation from presses. A good, sound insulating 
floor does, then, depend upon separating or floating 
the various elements so as to break the diaphrag- 
matic action induced by impact. Thus we insert 
non-conductive materials where necessary. This, too, 
can only rightly be considered at the very inception 
of the scheme where it can become an integral feature 
of the design. 

Similarly early attention can perhaps be given to 
isolating noisy processes from the rest of the factory 
group. 

For an adequate sound treatment of any building, 
its shape is important. In most cases in industry, such 
a degree of acoustic consideration would be imprac- 
ticable, However, the long, narrow buildings which 
follow straight production lines, and which we 
generally associate with industry, behave like organ 
pipes and set up a high degree of resenance, 
particularly if (as sometimes happens in industry) 
the end walls are parallel. Thus, some form of baffle 
break-up might prove efficacious but for the services, 
overhead equipment, etc., which would render such 
a proposition extremely difficult, except in isolated 
cases. In some types of building, however, it may 


(Diagram by permission of ‘ Architectural Forum’, U S.A.) 


be possible to think in terms of baffles which could 
fold back into the walls when not in use and which 
would only project a sufficient distance to break up 
the tunnel effect of the interior. 

To prevent noise from the factory causing local 
nuisance it is necessary, once again, to consider 
windows. Experiments in broadcasting have shown 
that double glazing of different thicknesses, separated 
by a wedge-shaped air space, can break the diaphrag- 
matic action since the two weights of glass do not 
respond to the same frequency. 


If double glazing were considered from the thermal 
standpoint, no doubt it could be designed to fulfil an 
additional acoustic function. 


Our basic requirements from the enclosure are 
adequate thermal insulation, sound insulation and 
protection. We may or may not need windows. 
However, for industrial buildings we also need speed 
of erection and a freedom from weather nuisance. 
Thus we imply an enclosure which reduces the num- 
ber of trades engaged upon it, is speedily erected, 
and which has its own built-in thermal and sound 
properties; in short, a prefabricated enclosure. 
Preferably it would be in panels which could be easily 
handled by two men, or alternatively large enough to 
make the use of mechanical equipment economical. 
It should be attractive in appearance, should require 
little maintenance, should weather well and be 100°/, 
re-usable. Ideally it should be possible to substitute 
standard double glazed windows for any section of 
panel to allow greater flexibility. Perhaps we may 
eventually arrive at the stage when we have windows 
during the warm (?) summer months, for psycho- 
logical reasons, and substitute them quite simply for 
standard cladding panels during the definite winter 
months. There would not necessarily need to be 
windows in the whole of a factory wall but perhaps 
one or two, in position where they could trap and 
diffuse the most sunlight. 


Such panels hung on to a structural frame would 
be easily demountable for purposes of alteration or 
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expansion and would permit ease of handling by 
relatively unskilled labour. 


The important thing about such walling systems 
in sealed or semi-sealed buildings is that, theoretically 
at any rate, it should be possible to calculate the heat 
requirements of the process and heat potential of 
the machines, lighting, etc., allied with optimum 
working conditions, mix the whole with a study of 
the yearly temperatures in the area and so arrive at 
the requisite conditions within the building. 

A sandwich wall could then be made to order from 
standardised insulating, cladding, and acoustic 
elements, to give as near the correct conditions as 
possible. Mechanical methods of heating, or cooling, 
could then be reduced to a minimum and used merely 
for occasional boosting. 


Built up panel walling systems have been used to 
a great extent in America and there are variations 
considered suitable for our climate in this country. 
The extremes of ranges of temperature which occur 
in America have led to panels which have built-in 
condensation seals. 


The Consolidated Vultee Plant in Fort Worth, 
Texas, has such a light-weight metal faced shell 
wall only 6” in thickness which provides heat and 
vapour control, sound absorption and light reflection. 
In this case the sandwich wall had to be built around 
internal air conditioning needs, necessary for both 
worker comfort and the process. It had to conserve 
energy and preserve a balance between the cool 
interior temperature and the blistering Southern sun 
outside. Fortunately, in this country, our requirements 
are a little more modest. 


These panel walls are usually thinner than those 
using traditional materials. Consequently a building 
can be erected upon a given site possessing a greater 
internal usable space than a building using more 
traditional walling materials. 


Automation and the Enclosure 


With a greatly reduced number of productive 
workers, a windowless plant, with all its advantages, 
can surely be utilised. Excellent heat retention 
qualities and studied lighting, calculated to do its 
precise job generally and locally, would be substituted. 
Moreover, the amount of overhead handling equip- 
ment, which certain automated processes may require, 
would tend to obscure a great deal of natural roof 
lighting. 

In designing the enclosure to an automatic factory, 
sound precautions will be of tremendous importance. 
It is highly probable that some factories will be in 
24 hour operation. Therefore, if industry is to pursue 
its good neighbour policy, some efficient means of 
preventing machine noise from escaping to the ex- 
terior must be adopted, Once again the desirability 
of windows must be reconsidered. We may also have 
to think in terms of sound-cum-thermal locks at 
entrances and exits. 


Similarly, we should consider the question of light 
nuisance, and perhaps favour sealed factories which 
do not roar through the night with all lights ablaze. 
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STORAGE 


The consideration of such spaces is bound up with 
the nature of the material to be stored and the type 
of materials handling envisaged. Storage problems 
vary from industry to industry and have been ration- 
alised with varying degrees of success. However, in 
general, one can say that very few storage buildings 
have been designed as they should have been, around 
the essential forward movement of materials for pro- 
duction or despatch. 

Storage is basically a materials handling problem, 
whether stores lie idle or are in circulation, for they 
still occupy costly space and equipment, Lack of 
building space is one of the contributory factors 
to the spread of mechanical handling in stores, which 
is generally taken to effect economies in money, in 
time, and in manpower. I would take it yet one stage 
further and use it to provide economies in storage 
space. 


The Situation Today 


Space costs money; it has to be enclosed, heated 
and perhaps even conditioned. Yet today, one sees 
storage buildings that are huge empty barns twice 
as high as they need be, with a floor area of which 
50%, maybe 60%, is taken up by fork-lift circulation 
and column areas. Some buildings are of shapes, 
such as U or L, which immediately restrict smoothly 
flowing operations, and all too often expansion is 
impossible. The floors are inferior in quality and 
surface thickness, and heavy fork-lift traffic soon 
makes this quite obvious. The vast perimeter walling 
of such buildings has to be maintained, and the 
windows, often unsuitably positioned, have to be 
cleaned. Stores are racked in front of them, thus 
obscuring whatever light may have filtered through. 
Illumination presents its own problem and heating 
usually consists of ineffectual unit heaters blowing hot 
air into the place at points about twenty feet above 
where it can do any good. 

One wonders why such buildings are tolerated. 
The initial fault is that quite often a manufacturer 
buys a cheap sectional building, developed for a 
multitude of purposes, and never realises that such 
a structure is frequently unsuitable and requires a 
considerable outlay on heating and maintenance. 

We should never under-estimate the importance of 
the storage building and the part it plays in manu- 
facturing. For it can permit an easy flow of goods or 
it can cause a dam. In purely physical area it is 
often the greatest single unit of the factory layout, 
far exceeding the combined footage of production 
area, amenities, etc. It cannot be contained within 
any building, for it is a specialised function. The 
failure to realise this has been the ruination of more 
than one promising enterprise and is the potential 
ruin of, quite a few more. 

More thought must be given to the rationalisation 
of storage. Cubic space must be made to work. 
Circulation space must be cut down. Then, and 
only then, will architects be able to design around the 
stores functions, buildings which are economical and 
efficient in every way. 











Moreover, we must remember that the smaller the 
building, the more structural solutions there are 
usually open to us and the greater the site economy. 
We have then either to :— 
cut down circulation space and divise some 
simple means of storing cubically; 
or 
reduce the height of the building to the 
maximum operative height of a fork-lift 
truck ; 
or 
develop completely automatic selection and 
disposition of goods from storage and design 
the building around such an automated 
function. 


What is required from the Storage Building. 
Flexibility of production and expansion of production 
has its repercussions upon the storage area. Storage 
should represent equal flexibility, and any increase 
should be in direct proportion to the increase in 
factory space. 

If no mechanised storage is envisaged, then the 
required space must be as free as possible from any 
of the limitations, imposed by the building, which 
may eventually circumscribe any desired change in 
storage pattern. 

The shape of a building to take material handling 
operations is important. The square is cheaper than 
a rectangle in that there is less wall needed for a given 
cubage and footage. Moreover, a well proportioned 
store warehouse has a favourable effect upon labour 
costs, For, as the ration of the length to the width 
increases, so do material hauls become more pro- 
tracted. A prominent American firm of industrial 
architects are of the opinion that building proportions 
should not exceed 3-1 and that an L or U shaped 
building should be avoided at all costs. 

Narrow sites, permitting only longitudinal expansion, 
can bring the ratio to more than 4-1 and, as ex- 
pansion takes place, so labour costs will rise, until 
finally the manufacturer will be rolled out of his 
warehouse by soaring labour costs as business expands. 

Ways to reduce material hauls to a minimum 
should be our concern, and the first way is to have a 
compact building. I would say that neither the 
square nor the circle have been given sufficient atten- 
tion in this respect. 

The buildings should be designed around the pallet 
load and its spacing and around the stacking pattern 
and aisles for fork lift trucks, A consideration of the 
number of pallets in a given area will signify the 
method to be used and whether the emphasis should 
be on space or movement, i.e., straight line: stacking 
or block stacking. Thus, bearing in mind other con- 
siderations of roofing economy, the suitable bay can 
be designed around these factors. 


Straight Line Stacking. This requires the minimum 
fork lift activity but adequate space is essential as 
is also freedom from the restrictions imposed by the 
elements of the building. Stanchions, tie beams of 
roof trusses, doors, lifts, and of course, walls, influence 
the position of all stacks and hence the ultimate lay- 
out. 









The basic need is, therefore, a free open space 
which should be of the correct cube to be economical 
in operation. It should be regarded merely as an 
umbrella over the storage area and should have the 
greatest span consistent with economy. It should be 
possible to expand the building if it becomes 
necessary. Thus, ideally, the walls should be sectional 
and of dry, unit construction. 


Block Stacking. Minimum space but adequate fork 
lift movement is needed with this pattern of storage. 
Thus, it is necessary to ensure that the amount of 
space devoted to fork lift truck circulation does not 
affect the economy of the building. Generally aisles 
less than 4 ft. in width and greater than 14 ft. are 
costly and in all, circulation should not represent 
much greater than 35° of floor area*. 

When thinking in terms of fork lift trucks it is 
essential to consider desired load plus counterpoise 
load. This effective load doubling can have an 
operative effect upon the floor loading of storage 
buildings, in particular, multi-storey structures. 

It is not so essential to have such clear open 
spaces for storage if block stacking is intended per- 
manently, for most of the blocks can be built around 
the stanchions. Thus a certain building economy may 
result owing to the nominal spans permitting standard 
construction, 


Diagonal Stacking. This is only practicable for 
stacking in a long, narrow, existing building and is 
seldom advantageous as a method in itself. 

The use of windows in these stores, other than some 
form of roof lighting, is a doubtful necessity, They 
cause heat losses and the stacking patterns prevent 
any overall lighting. 

Similarly, it is important that the artificial lighting 
of storage buildings be designed bearing in mind the 
storage patterns intended. Otherwise the stacks can 
prevent a good general level of illumination. 


Earlier in this section I mentioned several of the 
prevalent ailments of stores buildings. In conclusion, 
I feel justified in making specific and pointed 
reference to four of the most common. They are, 
inadequate heating, poor fire resistance, unsuitable 
placing of supervisory accommodation and unservice- 
able floor construction. 


Adequate Heating. The same conditions that apply 
to the design of the enclosure for the production 
buildings apply to storage. Instead of erecting a 
building and then trying to heat it, as is so often the 
case, the heat requirements of the material to be 
stored should be ascertained, and a suitable heat 
figure determined for a full store and a half-empty 
store. Then materials for the enclosure can be 
determined and the correct quantity of booster 
heating installed, 

In general, methods of heating in stores are in- 
adequate. High stacking prohibits normal heat 
circulation so the tendency is to place unit hot air 





* Curtis H. Barker. 


“Industrial Materials Handling.” 
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blowers on the stanchions above the stacks. The 
result is a band of warm air which does not circulate, 
but remains static as shown by the broad band of 
black dust which extends round the stanchions at 
this hot air height. In certain cases, it may be much 
more appropriate to instal some form of radiant 
heating in a position which will permit convectional 
circulation of warm air. 


Fire Resistance. Qualities of fire resistance should be 
designed into the building as a means of localising the 
outspread of fire. Full reliance should not be placed 
upon the customary sprinkler system, for high stacking 
of stores can render it imadequate. Unvented, 
continuous roofs can cause mushrooming heat and 
smoke to build up an uncontrollable conflagration, as 
in 1953 at the 1,500,000 sq. ft. General Motors plant 
at Livonia, U.S.A. Therefore, as a ready means of 
keeping fires small and manageable, it is advisable 
that some form of thermostatically controlled venting 
be designed into the roofs of large storage buildings, 
with the provision of fire curtains to give further 
protection. 

In certain American factories plastic vapour 
barriers, which do not add fuel to the fire, have been 
used on top of the metal roof decks. Heat retardant 
paint which bubbles up into a vermicular, non- 
combustible and insulating coating has also come into 
use, 


Supervisory Accommodation. A frequent cause of 
complaint amongst stores personnel is that their 
accommodation is not in the most suitable position. It 
is often at the extreme end of a long building and 
tends to make their work rather difficult. They 
cannot exercise supervision over the whole store on 
account of the stacks impeding vision. Some form of 
central stores receipt and staff accommodation might 
well be considered. 


Floors. I wish to make specific reference to the flooring 
of stores and warehouses and emphasise the dangers 
of any false economy in its construction. Primarily it 
has to stand up to a considerable beating from fork 
lift trucks. Concrete is an extremely difficult material 
to repair properly, even if such repairs can be done 
without having to re-route storage. Any expansion 
joints must be very carefully detailed and constructed, 
otherwise they will tend to have their edges crushed 
and chipped. 


Present Trends 


In some industries, particularly assembly, the pro- 
duction building itself is being used, to some extent, 
as a store. Components are in constant circulation 
on overhead tracks and come into the process where 
and when needed, whilst further supplies of com- 
ponents are in stillages on trailers parked in the open 
air outside the factory. Thus storage space may be 
provided by adding height to the production building 
and allowing trailer parking facilities to supersede a 
covered storage building. 

The increased speed of mechanised processes 
demands that there be a closer integration between 
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stores and production. It is logical that materials 
handling links, whether horizontal or vertical, should 
be reduced to a minimum. And it is in connection with 
this increased speed of production that we should 
consider potential storage facets of automation, so 
that we may, in keeping with industry's axiom of 
maximum flexibility of building, provide structures 
which would facilitate a turn-over to automation. 


The Influence of Automation. The high speed and 
increased productivity of automated processes will 
enforce a correspondingly high degree of mechanisa- 
tion of storage. 

We may, in fact, consider automatic disposition and 
selection from storage. The warehouse will have to 
be as automated as the production line and the 
storage flow will be a logical extension of the pro- 
duction flow. We shall design the storage facilities 
around spaces determined by the movement patterns 
of mechanical methods of materials handling. 


Limitations. The production levels forecast for auto- 
mated processes indicate greater efficiency and 
capacity of stores handling. With the stocks of raw 
materials required for a long run and the accumula- 
tion of finished goods many existing stores, and even 
sites, would prove totally inadequate. Furthermore, 
such vast storage would represent a freezing of capital 
which could well be employed elsewhere. 

With automation, therefore, storage efficiency be- 
comes of the greatest importance, and storage areas 
must eventually represent the briefest possible pause 
both between incoming and circulating raw materials 
and receipt and despatch of finished goods. They will 
no longer be stagnant but will become feed reservoirs 
through which will pass a constant flow of goods. 

Ultimate automation, where taped instructions will 
set into motion a chain of events leading to the 
completely automatic conversion of raw materials 
into a finished product, wrapped, labelled and 
addressed, will be possible only so long as the supply 
of raw materials keeps pace with instructions. This 
presupposes a highly efficient transport system, 

These, then, are our terms of reference. Automa- 
tion cannot function with a faltering mechanisation 
of supply. Around these new storage systems we 
shall design our stores buildings. 


LOCATION 


The location of the industry, i.e., the examination 
of factors conditioning the initial choice of site, is 
invariably held to be outside the scope of the 
architect. However, the ultimate efficiency and 
economy of a factory may be imperilled by the choice 
of a site, consequently the architect would appear to 
have his part to play in the early discussions. 

By applying the factors of production, land, labour 
and capital to a particular proposed process, a manu- 
facturer may be able to narrow his location needs 
down to a certain area. If his proposals meet with 
the necessary approvals, it is possible that he may 
have the opportunity of selecting any one of a 
number of sites. 




















At this stage, if not earlier, I would emphasise the 
desirability of calling in the architect upon the 
scheme. Thus he has the opportunity of seeing the 
growth of the project and is then in a position to 
suggest possible economies from the very start. This 
early collaboration between client and architect, in 
which the requirements of the process are first studied 
without reference to buildings at all, is infinitely 
preferable to the architect having to drop buildings 
over a layout already prepared by the client. His full 
knowledge of the client’s requirements enables him 
to advise on the site conditions, such as the position 
of site access, the bearing capacity of the soil, etc., as 
well as the demands of future development, expansion 
and flexibility mentioned previously. 


The Effect of Automation upon the Location of 
Industry 

When thinking in terms of the future, automation 
immediately comes to mind, for it appears that it will 
have a considerable effect upon the location of 
industry. The operative factors are the decreased 
dependency upon an existing labour force, the 
economies in floor space possible with automated 
production, and the effect on transportation. 


Reduced Labour Force. By freeing an industry from 
dependency upon an existing labour force, an 
immeasurably greater number of sites are opened up. 
It may be possible to site industries on a more logical 
basis, where they can operate at optimum efficiency. 


Decreased Floor Space. In the industries examined by 
David Osborn in his ‘Geographical features of the 
Automation of Industry’ prepared for the University 
of Chicago, there is a mean floor space reduction of 
59°/,. Woollard cites a possible 50°, so that industrial 
space needs may be halved. An additional factor 
influencing floor space is that brought about by the 
reduced labour force, for it will possibly indicate a 
reduction in staff amenities and facilities. Shorter 
shift hours will have a bearing on the size and nature 
of canteen facilities, It is also possible that employee 
car space will be reduced, either through redeploy- 
ment of labour or a greater number of shorter shifts. 


Transportation. Speeded up industrial processes will 
have to be served by highly efficient transport supply- 
ing a constant, steady flow of raw materials and 
providing adequate facilities for the collection of 
finished goods. This implies siting where transport 
hauls of raw materials or finished goods are reduced 
to a minimum, as for example at or near the source 
of raw materials. 

It is possible that certain raw material supplies will 
be carried finally in conveyor or pipe lines, and so 
free road and rail transport for purposes for which 
they are more suitable. 

Even so, we can imagine our road, rail, river and 
perhaps canal arteries to be heavily loaded in future. 
They must be efficient to enable our highly 
mechanised factories to maintain constant production 
and keep only token stocks of raw materials. We 
must, therefore, recognise this and realise that in this 
country there are complex transportation problems. 





We have, with 18.4 vehicles to the mile, the highest 
road density in the world. The road will, indeed, 
be our major problem for it carries a far greater 
percentage of our annual freight than any other form 
of transport *. Excessive overheads due to transport 
disruptions and delays can relentlessly help to price 
us out of overseas markets, 

Today we are aware that there are few technical 
obstacles in the way of the automatic factory ; it is 
largely a matter of when and where. We may find, 
however, that competition will force us int) an 
earlier acceptance of the completely automatic 
factory. Yet we, who can, as John Diebold has stated, 
become the automation workshop of the world, may 
find our economic progress strangled, our industries 
idling because of broken lifelines. I would plead that 
we do not consider our factories as being isolated in 
space. They depend for their continuance upon 
adequate communications, and transportation must 
be regarded as an equal partner with automation. 


Results of Automation. Smaller factories, not 
dependent to such a great extent upon existing labour 
forces, will possibly open up a_ new series of sites 
permitting both increased centralisation and extreme 
decentralisation. 

New industrial patterns may emerge; cognate 
industries will tend to group more closely for the 
above ‘transportation’ reasons. We may be able 
to site small industries in districts which have so far 
been unsuitable or inaccessible for industry and of no 
use for farming. A key factor in siting for certain 
industries will be the disposal of increased quantities 
of trade effluent and a supply of water for processing 
sufficient to keep pace with higher production levels. 

Hitherto our town planning schemes have catered 
largely for the relocation of existing industry from 
central areas. The aim has been to find an increased 
area of industrial land for a reduced quantum of 
industry on the assumption that the land requirements 
of industry have increased. 

We might well ask if this is true any longer and, 
because industry is a major influence upon our 
planning development, we can expect that these 
different ‘location’ factors will eventually have a 
considerable effect upon regional planning. 


Recommendations 


In Britain we cannot afford to be profligate with 
our use of land. It is essential that we consider the 
influences of automation so that our industries may 
be sited accordingly. Perhaps we shall have to pro- 
ceed initially by creating a balance between present 
siting needs of a factory and its requirements when 
that process is automated, in order that it may 
continue to be in a suitable position and in a good 
relationship with any cognate industries. 





* Freight transport in Great Britain. (Basic Road Statistics, 
1955.) Survey carried out by M.O.T. in 1952. 


Tons carried : 


Road ee ... 900,000,000 tons. 
Rail i ... 300,000,000 tons. 
Inland Waterways ... 10,000,000 tons. 
Coastal Shipping 40,000,000 tons. 


































One thing is certain, we should think ahead for 
automation, otherwise we shall jeopardise the work 
we have already done in attempting to plan our 
country. 


SITE LAYOUT 


Full efficiency cannot be either expected or 
obtained from the industrial buildings without an 
efficient site layout. 

This may appear rather obvious, yet the number of 
sites on which one finds ill-assorted groups of 
buildings, with little or no transport circulation space 
around them, makes one wonder. They are often 
laid out in a way which prohibits future development; 
consequently such firms contemplating expansion have 
little choice but to start building anew upon a 
different site. 

Increased productivity, bringing more traffic to the 
site, invariably catches up with these site limitations; 
hence the importance of choosing initially a site which 
will measure up to future expansion needs. Further- 
more, such a site must be laid out so as to minimise 
future disruptions during a comprehensive develop- 
ment by ensuring adequate future access to the site 
and circulation within it, 

The key to ease of expansion is to estimate future 
power needs and place the power house in such a 
position that it can serve all eventual development. If 
the final pattern of expansion cannot be predicted 
with any degree of certainty, it may b_ better to 
string power leads overhead on gantrys, in which case 











they can be altered with greater freedom than when 
underground. 

One development which has grown out of all 
proportion is the need for employee car park space. 
This is seldom adequate in existing factories and it is 
doubtful whether sufficient space can be allocated to 
those still in the planning stage. 

A suitable position for the car park may have a 
considerable effect upon the location of employee 
cloak and locker rooms, so as to make access to 
the plant more direct. Works buses drive through 
a ground floor tunnel right inside a drug manu- 
facturing plant in America. The number of minutes 
saved for each of the 1,000 workers amounts to 
thousands of dollars in manufacturing costs. 


Aesthetics of Site Layout 

There is no reason why we should apologise for 
introducing into the harsh realities of industry that 
indefinable quality which produces a result greater 
than the sum of the individual parts—a consideration 
of aesthetics. 

The lesson to be learnt is that a site can be 
adequate and functional, and yet be so planned. that 
it gives emphasis to the buildings, shows them in their 
best light and makes a unity of buildings which may, 
by very reason of their function, have to be in a set 
relationship to one another. 

Certain sites would permit landscaping with well 
chosen planting, pools, and differences in levels 
(Fig. 8). 
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The plot plan. When landscaping is complete this industrial environment will be verdant ne gh Cok ; i 


Fig. 8. 


This General Motors Technical Center near Detroit, 
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U.S.A., has been called the ‘Industrial Versailles ’. 


(Diagram by permission of ‘ Architectural Forum’, U.S.A.) 
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Yet we commonly associate industry with dirty 
buildings and heaps of rubbish lying about in the 
yards. Industry can make a virile, forceful contribu- 
tion to more pleasant surroundings, not only for the 
workers, but for those who may have to look upon it 
every day from their homes. Industrial equipment, 
once prudishly hidden away, is now painted silver 
and exposed boldly to the elements. It echoes our 
contemporary, direct approach to design and, being 
somewhat expressive of our age, we tend to find it 
aesthetically pleasing. Architects, in particular, 
enthuse over the huge gleaming tanks, distilleries and 
regenerators which we associate with the various 
processing industries. 

Even such superb examples of design as these need 
to be relieved by a conscious and human-scale 
planning of surroundings and site, and indeed, would 
lose nothing in the process. Moreover, an industry 
which makes a visual contribution to the appearance 
of a neighbourhood would be appreciated both by the 
workers and those who live nearby. Therefore, a 
consideration of what can be done to make an 
industry a better neighbour visually, and more 
pleasing aesthetically, is a sound investment. 


It is always hard to tell where comes the dividing 
line between these aesthetic considerations and the 
hard practicalities of industrial life. I sometimes 
wonder if there is one at all. For if work surround- 
ings are pleasant, and have been imaginatively laid 
out, other things being equal, productivity must surely 
be improved. 

Focal points in this consideration of aesthetics often 
seem to be mirrored in the road approach, the night 
architecture and the air view of the factories, 


Road Approach. The road approach to factories is of 
great importance. It is from this that visitors and 
passing traffic can gain their first impressions of the 
factory. A well laid out access leading to striking 
buildings with surroundings consciously designed for 
them can give a layman great confidence in the 
product turned out by such a place. 


Night Architecture. Some factories may be running 
twenty-four hours out of twenty-four ; others may 
just light up for advertisement’s sake. Nevertheless, 
showing the factory complex at its best from the road 
or rail routes which fringe most factories, can be of 
tremendous importance. 

The things one sees as one passes such places must 
be carefully selected and perhaps floodlit. Well laid 
out buildings with carefully designed surroundings 
can do more for a firm than thirty-foot high Neon 
lighting. For an impression of beauty, in what we 
have come to regard as an unlikely place, coupled 
with tasteful advertisement, lingers longer than a 
garish display. 


Air View. In these days of heavy and increasing air 
transport, most industries would benefit from a well 
designed plan layout which would be distinctive from 
the air both by night and day. A layout which could 
rationalise the tired sprawl of the normal industrial 
group would stand out boldly from the customary 





industrial squalor, in which blackened buildings sit 


untidily upon littered acres of oily concrete, without 
a tree or a bird within miles. 


The Influence of Automation on Site Layout 

1. Increased productivity will mean a proportion- 
ately stepped-up transport turnround and we 
must pay great attention to traffic routing 
within the site in order to avoid circulation 
bottlenecks, particularly if access is limited. 

It is almost certain that nearby landing 
facilities for freighter aircraft will have to be 
provided. 

2. Smaller size of factories employing full 
automation will possibly indicate more space 
initially available for an imaginative site layout. 

3. The type and nature of the buildings on the 
site may change. Stores may no longer be a 
separate building, but may be closely integrated 
with production. Work conditions under the 
new labour requirements may alter, In years 
to come an increased number of shorter shifts 
may rule out normal canteen buildings. The 
facilities they supplied would be taken over by 
vending equipment on the factory floor. Offices 
would be in direct electronic contact with the 
machines and would be more essentially a part 
of manufacturing ; possibly being incorporated 
into the manufacturing area. They would be 
smaller in area than their present-day counter- 
parts owing to the mechanisation of clerical 
work. Thus, the factory and its ancillary 
buildings would tend to be superseded by one 
building, which could be likened to the human 
body having built in power supply, storage, 
production and accounting. A factory would 
then emerge as a complete industrial organism, 
half-building, half-machine. 


A SUMMARY 


At this stage I should like to summarise. 

I have discussed, and I hope stressed, the desir- 
ability of designing flexibility into our industrial 
buildings. I have suggested lines of thought, from 
strengthening roof trusses to having prefabricated 
panel walls, and floors built as an adaptable feature 
of the building. I would emphasise that these are 
suggestions, the merit and demerit of which would be 
ascertained by adequate research into individual 
industries. 

I have also surveyed, very briefly, the possible 
effects of automation upon our industrial buildings, 
their siting, planning and so forth. In many instances 
automation will appear on -the scale of a small 
production change, an experiment which, if success- 
ful, will be continued, In some cases the continuation 
of such an experiment will almost turn the building 
inside out or else will mean an entirely new building. 
In other words, for a building to be adaptable to 
automation, it may require a greater degree of 
flexibility than previously thought possible ; a degree 
in which virtually nothing in the building is in- 
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capable of adaptation to the new conditions. This 
flexibility must be considered in terms of size and 
construction. 


We are accustomed to think of flexibility for 
expansion, but with automation we may expect space 
economies of up to 50%, so that our factories may 
have to be flexible in that they may be reduced in 
size. For a building to be profitably reduceable, it 
should be designed and built so that its parts can be 
sold or re-erected elsewhere. This suggests a co- 
ordination of parts which would be generally accept- 
able to industry as a whole, and which must, 
therefore, be designed on a modular or standardised 
basis. To stand up to a series of changes, the parts 
would have to be durable, probably prefabricated 
under controlled conditions, and definitely designed 
for ease of transportation. 


Flexibility of size depends upon the degree of 
flexibility we can incorporate into the construction. 
We may find that to automate a process within an 
existing building we shall require a certain height 
clearance from the machines to the underside of the 
trusses to accommodate overhead supply routes, which 
would feed the machines and would also provide bank 
stocks. If such clearances cannot be fully determined, 
because of variables such as machines and routes 
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which have still to be designed, then a roof which 
could be both adjusted in height and yet be strong 
enough to take overhead traffic at any point, would 
be desirable. In an ordinary truss we can simply 
strengthen the lower chord to take the extra weight ; 
but in order to incorporate adjustability into the roof 
designs, I would suggest that we might think in terms 
of combining the lift slab technique with space frame 
construction. 


The lift slab method, originated in America, entails 
pouring a slab of concrete for floor or roof on the 
ground, around the columns which will eventually 
support it, This slab is finally raised to the required 
position by means of hydraulic jacks on the columns 
and is then cleated into place (Fig. 9). 


The space frame is a built-up roof in which forces 
act in three directions, and is capable of spans com- 
pletely outside the possibilities of normal post and 
lintel construction. It would behave as rigidly as the 
slab of concrete and could probably be raised com- 
pletely assembled, with air conditioning ducts and 
services already in place, in the same manner as the 
concrete slab. Assembly on the ground would greatly 
cheapen construction by eliminating scaffolding and 
construction equipment. Any air-conditioning equip- 
ment, etc., would, of course, have to be sufficiently 
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Fig. 9. 


Lift slab method: Roof in position; first floor slab being hoisted. 
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Trinity College, San Antonio, U.S.A. 
(Reproduced by permission of ‘ Architects’ Journal ’.) 





flexible in design to cater for the increased cubic 
content (Fig. 10). 

The columns could be of the maximum desired 
height. However, the roof need not be raised to the 
full limit of these columns until the extra height 
became necessary, when hydraulic jacks could again 
be coupled up and the roof raised. There is one 
instance in the U.S.A. of a small building erected 
on the lift slab principle, having a roof slab and an 
auxiliary slab bedded down on top of it to be brought 
into use when a first floor becomes necessary, Thus, 
stage lifting would appear to be practicable. 

The idea of preplanned maintenance, so essential to 
an automatic factory, will probably be taken one 
stage further and actually designed into the building. 
It could be by means as simple as the type of under- 
machine service basement discussed in ‘ production’, 
which would enable maintenance to be carried out 
whilst the machinery was running, Swarf, or other 
waste channels running in the direction of the 
machines, could be underslung into this basement. 

A variation of the maintenance pit would be to 
place the machines on a steel grid above ground, on 
what would amount to a huge machine chassis, the 
underside of which would be the service area. 

Walls could be constructed of panels giving 
adequate thermal and sound insulation, and designed 
for ease of handling by unskilled labour for replace- 
ment and expansion purposes. 

These transitional automatic factories will, 
eventually, give way to those which will be designed 
specifically as automatic factories. I have mentioned 
previously, in each section, the circumstances which, 
in my opinion, will influence their design and I 
should now like to survey them collectively. 


ey 


1. A quick, efficient transport turn-round will be vital. 

Ideally, reliable transport, whether by conveyors or 
normal road and rail means, operating at the same 
speed as the process, would virtually eliminate storage 
areas. 

As a progressive move towards cutting down 
transportation cost-time, automatic factories may tend 
to group in a close cognate relationship, thus forming 
small industrial estates. This being so, it may then 
be more economical to have one central packaging 
and despatch store, to avoid the necessity for a 
number of small finished stores, and so simplify 
traffic circulation within the site. Similarly, there 
could be one central mechanised accounting section 
and possibly central communal facilities, medical 
rooms, etc., forming part of this warehouse, 


2. Automation will provide floor space economies. 

Automatic factories will probably be smaller, in 
plan area at least, than their present-day counterparts 
due to the economies derived from the better utilisa- 
tion of space resulting from closing up machine 
processes and cutting down circulation. 


3. Materials handling links should be reduced to a 
minimum. 

The design of the building can help. For if we 
continue to think of space economies produced by 
automation we shall think cubically and place raw 
material storage directly above production. 


4. Preplanned maintenance. 

There should be ready access to the machines at all 
times with no necessity for interference with produc- 
tion, Service trenches and pits must be so designed 
that maintenance engineers may inspect frequently 
and work comfortably, furthermore they should be 


Fig. 10. 
Space frame erected by students of the College of Architecture, University of Michigan, U.S.A. The building can be 
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(Reproduced by permission of ‘ Architectural Design’.) 
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in direct connection with spare parts storage and 
workshops to reduce ‘down’ time. Small, or 
standardised spares such as tools or groups of tools 
will probably be stored near the machines and 
warning systems, such as toolometers, will give indica- 
tion of when these particular spares will be needed. 


Possible service and mechanical faults will have to 
be foreseen and guarded against, perhaps even to the 
extent of installing carry over or duplicate systems 
at key points and nerve centres. In which case, some 
warning system similar to that on the machines would 
give time to couple in the auxiliary supplies. 


5. Flexibility will be designed into the production line 
and the product. 


If the production line can absorb most forseeable 
changes, then possibly it could be given a shape which 
would permit economies in the building, as opposed 
to a building which would have to be flexible enough 
to allow a radical production re-routing. 


If the line could be contained within a more 
compact shape, which would give the maximum area 
for the minimum perimeter walling, then the building 
would become cheaper. This would, of course, imply 
reducing the operative length of the transfer 
machines. But this is by no means impossible, for 
various automated lines in American car plants have 
been given return or convolution shapes ; one, at 
least, to fit within an existing bulding. This machine, 
several hundred feet long, has its effective length 
halved, into a ‘ U’ shape. 


Compact building shapes, such as the square and 
circle, containing convolution layouts, would be 
cheaper than a line several hundred feet long inside 
a narrow, rectangular building. In addition, such 
shapes would reduce materials handling and visual 
supervisory links to a minimum, simplify the running 
of the plant and, by further economising upon ground 
space, open up a new series of sites. 


These brief notes are, I think, sufficient to indicate 
that the appearance of these buildings could be very 
different from their predecessors. 


For example, a storage drum could be housed over 
the production area with raw materials fed up into it 
and thence gravity conveyed to the process. 


Alternatively, this storage could be a physical part 
of a production building increased in height to 
accommodate it. Thus, we may eventually think of 
three-dimensional structures which rely for their 
ability to withstand loading on a third or longitudinal 
dimension; structures which would be a direct result 
of a relationship of height to plan area. We think 
of shapes such as a dome for a circular plan or a 
parabola for a long rectangular area. ‘This may 
eventually lead to stressed skin structures, with 
cladding and structure in one, or else merely cladding 
spread over a frame built in sections and readily 
assembled and dismantled. Some of Buckminster 
Fuller’s geodesic domes, which have achieved spans 
of several hundred feet, have been used as radar 
domes for the U.S. Armed Forces, They are built of 
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light alloy members and are covered with plastic 
skin, 

Perhaps further in the future are the gamma 
irradiated plastics, which will have tremendous 
strength and elasticity, and will contain all those 
building attributes which we now apply separately ; 
insulation, colour, and proof against fire. They would 
enable us to build soaring structures as light as 
bubbles. 


Technically we can, of course, produce these auto- 
matic factories today. But it rather appears that they 
will have to await economic pressure. For the 
moment I think we should concentrate on arriving 
at this future through an adequate consideration of 
today’s problems. One which I think we shall have 
to face soon is the introduction of this adequate 
flexibility of building, so that automation may start 
wherever necessary, whenever necessary, and unhandi- 
capped by the buildings in which it is to function. 
This maximum flexibility can only be produced after 
a survey of industry’s needs, in terms of automation, 
and building. It will, almost certainly, demand pre- 
fabrication, which is to say, standardisation, built on 
a module basis of construction universally acceptable 
to industry. With this in mind, I should like to 
examine the desirability of introducing a high degree 
of prefabrication and modular control into industrial 
architecture. 


PREFABRICATION 


Prefabrication is a technique, a rationalisation of 
building methods to meet changing conditions and 
to overcome the physical difficulties of site 
construction. 


What do we Gain from Prefabrication ? 


1. Speed of Erection. Time is a vital factor to 
industry and prefabrication, which entails 
assembly rather than wet construction, enables 
us to cut down construction time. 


2. Dry Construction. In this country we are 
conditioned in our building by the vagaries of 
the weather. By concentrating on dry as 
opposed to wet construction, we free ourselves 
to a great extent from such dependency. Floors 
and roofs can go up with speed and ease and 
we can dispense with scaffolding by putting up 
walls from inside the building. 


3. Controlled Methods of Manufacture. By 
manufacture off the site, rigorous control can 
be exercised over the production of prefabri- 
cated units to ensure uniformity and freedom 
from defect. 


4. Unskilled Labour. In our designing we are 
governed, to a very great extent, by labour. 
Labour in short supply can be as strong an 
influence as materials in short supply. If labour 
is scarce and expensive, then the building must 
economise in man-hours. Such economy may be 
reflected in coarser detailing. 











—-~- am» wt eeeoaoe owe oe -* ob 















Moreover, years are needed to train a crafts- 
man, whereas a machine can produce equivalent 
parts which will fulfil their purpose equally well 
and will facilitate erection by unskilled labour. 


In designing industrial buildings time is important, 
precision is important and maintaining labour 
efficiency at high pitch is vital. There does then seem 
to be a good case for insuring ourselves against costly 
delays and site trouble by building as much as possible 
of our factories inside ‘factories for factories ’, 

Prefabrication is, of course, extensively applied 
today, but in too many cases the buildings are merely 
copies of earlier forms in wood, concrete or metal, 
into which industry is bulldozed, regardless of the 
particular suitability of the building for the specific 
industry. 


Systems of Prefabrication 


In general, there are three main systems of 
prefabrication : 


1. Completely prefabricated buildings ready for 
assembly ; 

2. Prefabricated units of cladding hung on to a 
frame; 


3. Systems in which frame and cladding are one. 


But whichever system of prefabrication may 
eventually be found to be most suitable for industry 
there is one vital prerequisite for a successful evolution 
of this method of building and that is—a wider 
adoption of standardisation, for it is the basis upon 
which prefabrication becomes possible. 


Standardisation 


There are two means of standardisation in common 
use and they are :— 


Standards of performance; around which our 
building regulations and byelaws are designed; 


and 


Standards of materials and equipment; which 
assist the manufacturer to produce in quantity 
and to keep large stocks which a purchaser 
knows will be free from defect. 


There is, however, no coordinating system to unify 
these standards; no universally agreed method of 
dimensional coordination. In house building we find 
that door and window manufacturers turn out count- 
less different versions which do not vary sufficiently 
to be governed by aesthetic considerations. One firm 
in America produced a line of windows with 2,000 
variations before World War II; after the War, under 
the guidance of modular coordination they were able 
to reduce the range to 300. 


Experiments have been and are being carried out 
with the idea of instituting a suitable modular system 


for various types of building, whereby each building . 


would be a repetition of a series of basic units into 
which ready fabricated windows, doors and equip- 
ment, panels of cladding material, etc., would fit. 


Standardisation would, by permitting the prefab- 
rication of many more building parts, provide great 
economies in their manufacture and distribution, But 
the pressing need, and one which would form the 
initial impetus of any standardisation, is for a 
standard bay. 


We could discover the most economical and 
universally acceptable bay for industrial buildings. 
We could decide upon a series of standard roof load- 
ings to condition the sizes of the members of the bay 
and so commence the road to standardisation. 


However, although we regard standardisation as 
being the basis of prefabrication, knowledge is, in 
turn, the basis—the working tool of standardisation. 
We do not have this knowledge; all we know of a 
great number of our industries is that they are housed 
in outmoded buildings which soak up resources which 
could well be used elsewhere. Maintenance figures 
are astronomical and heat losses due to a lack of 
elementary knowledge of thermal insulation are a 
source of grave concern, 


I am not, of course, saying that we have no superb 
industrial buildings, we have some of the finest in the 
world. But they are by no means common. 


There is, then, a very great need for some basic 
research into industry so that we know exactly 
where we stand today. 


The Need for Adequate Research 


Surveys to produce common factors in various 
building types have been carried out and economies 
have resulted. For example, research work in schools 
has caused the cost of erection to drop 50% since 
1949, and 82% of the school space is now used for 
teaching as opposed to the 35% of 1947 and 1948. 


However, with industry growing in such a hap- 
hazard way, we have no way of arriving at any 
detailed research knowledge of our industrial 
buildings; nor of knowing directly which types of 
construction and ranges of materials have been proven 
suitable for particular industries, or which type of 
building is best in terms of design and operating costs. 
We cannot say offhand which methods of internal 
climatic control are best for individual processes; 
measures of control which are today essential in many 
processes, such as laminated glass and instrument 
manufacture. Consequently, architects in different 
parts of the country may well be busy solving the 
same problem in designing for a specific section of 
industry; a problem which may have been solved 
already. 


Differing industries may have more in common 
with their building requirements than we think, thus 
permitting a certain standardisation, but we have no 
real basis upon which to commence such a standard- 
isation economy drive for industry. 


We must, therefore, carry out a large scale 
investigation if we are to consider rationalising our 
approach to industrial building. Such an investigation 
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would call for an early collaboration between process 
technologists and architects, results of which, apart 
from providing wide general research knowledge, 
could possibly initiate the use of entirely new building 
materials; perhaps on the built up walling system in 
which the constituents of the wall could be varied to 
suit particular requirements of individual industries. 


This ignorance of any common pattern in industry 
is one of the major drawbacks to industrial building 
and one which makes its presence felt in costly, slow 
and complicated building techniques. In America, 
where the subject has been studied, factories go up 
in half the time taken in this country. Should this 
be possible here, then the increase in productivity 
would be worthy of the machines which turn out the 
goods. The building would be worthy of the process. 


A programme of research into factory building 
and operating problems is about to be undertaken by 
the Building Research Station under the auspices of 
the Midland Regional Board for Industry. If such 
a survey can eventually lead to standardisation, at 
least in certain sections of industry, then the benefits 
will be manifold. This appears obvious, yet at first 
the project seemed likely to fail because of lack of 
support from industrialists and others likely to be 
interested. Even up to the end of last year, only 
half the £10,000 required had been promised. 


When one thinks of the advantages of such a survey 
one is somewhat incredulous of the lack of interest 
and response. Such apathy must make us all the 
more purposeful if we have the interest of greater 
productivity at heart, to ensure that any report on 
industry does not gather dust and mellow in the true 
British tradition. As interim reports come out, they 
must be studied, and means of beginning any possible 
move to standardisation implemented, for only then 
will our factory buildings be made to pull their 
weight. 


Today, I believe, we are at the crossroads leading to 
a new phase of industrial development and it is 
essential that a study of industry should take into 
account the full implications of automation upon our 
factory buildings, for any survey leading to construc- 
tion on a modular basis would be affected by this new 
production technique. 


The Attitude of the National Federation of Building 
Trades Employers. Building is now largely an 
assembly industry and builders generally are not 
averse to greater use of prefabrication. Although 
not looking upon it as the panacea for all evils, they 
are not opposed to the principle. Where they are 
experiencing a certain lack of confidence is in this 
question of determining a satisfactory module, or 
even series of modules, which would be universally 
acceptable and applicable to the variety of building 
work carried out in Britain. If architects and 
designers could, with the assistance of the builders, 
overcome this problem, then the building industry 
feels that it could be a most useful move forward 
towards higher productivity and efficiency. 
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Building the Factory 


We require factory buildings which reduce to a 
minimum the number of man hours spent upon them, 
are simple to erect and, once up, require little main- 
tenance. These qualities must be designed into the 
building so that design and the execution of that 
design are complementary, and not two separate and 
independent stages. 


This requires a high degree of collaboration 
between architect and builder, a degree in which each 
is fully aware of the other’s problems. 


Such need for closer collaboration has long been 
realised and last year the Report of the Joint Com- 
mittee on Architectural Education expressed the 
desirability for a linking of the training of the 
architect with that of training for management 
in the building industry. It was felt that when the 
RIBA requirements for Associateship came into force 
there would be an increased demand for situations 
on building sites, as clerks of works, etc., in order 
to gain practical experience. Similarly, there might 
be a reciprocal arrangement whereby young men from 
the building industry could spend a certain time in 
architects’ offices. Architectural students would most 
certainly benefit by being able to observe at close 
hand the practical and economic aspects of design. 


The building industry itself has had to surmount 
many difficulties in the past decade or so. A skilled 
labour force had to be built up after the War. There 
followed years of licensing and shortages of materials, 
some of which are still not plentiful. Invariably it 
has to contend with the vagaries of the weather. 


Although these variables may well be beyond the 
control of the individual builder there are many ways 
in which he can improve his efficiency within his 
own organisation. The President of the National 
Federation of Building Trades Employers stated last 
year that although building was essentially a craft 
industry there was still a need for modern methods, 
both on the site and in the office, where experience 
has shown them to be both time and money saving. 
It was with this purpose in mind that the Federation 
have set up an Advisory Service for the Building 
Industry to take surveys for firms and advise them 
on how to lower their costs and increase their 
efficiency. They undertake investigations upon Work 
Study, Incentives, Materials Handling, Programming, 
Site Organisation, Mechanisation, Costing, Office 
Organisation and Personnel Administration. 


Thus, it appears that we are going to see introduced 
into this ancient craft industry those same measures 
and methods of control which govern normal 
industrial functions. 


Finally I wish to draw attention to the essential 
part that the client, management, can play in ensur- 
ing that we do achieve these better factories. 


1. Call in the architect at a sufficiently early stage 
so that he is enabled to see the complete 
proposed development and can thus suggest 
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possible economies from the very earliest stages; 
so that the building becomes an honest answer 
to the particular production problem and not 
merely a lid over an already frozen layout. 


2. Be aware of the need for long term planning so 
that the architect can visualise possible expansion 
patterns and develop the site layout accordingly. 


3. Give the contractor sufficient time, after sign- 
ing the contract, to plan ahead and order his 
materials. For three weeks thus spent at the 
beginning of a contract may result in an 
ultimate saving of time. 


4. Avoid alterations during the course of the con- 
tract by adequate and early consultative 
planning. 


CONCLUSION 


My conclusion to this Paper is that we should 
simplify the building needs of industry. Hitherto, 
it has been held to be too diverse in its requirements 
for any classification and rationalisation. But there 
must be fundamentals, a knowledge of which would 
surely indicate that our industries had more in com- 
mon with their building needs than was thought to be 
the case. 


One thing we do know is that they have a common 
need for enclosed space. Consequently, if the 
enclosure to that space were completely flexible, so 
that the structure could be altered and the walls 
easily moved, would it not follow that such building 
types could possibly be used by a great many indus- 
tries, thus permitting a standardisation, which would 
still allow individual solutions within the broad 
flexible concept? If we accept this, then we must 
concentrate upon acquiring a sound knowledge of 
industry’s building needs, and, rather than allow such 
information to become an academic treatise, use it 
objectively for the design of buildings suitable for the 
greatest cross section of industry. Thus they would 
be enabled to play their part in production by being 
cheaper, simpler to erect, and more economic in 
operation. 


Moreover, the production changes which automa- 
tion may bring in factory layout would be circum- 
scribed within a good number of ‘ normal’ industrial 
buildings, whereas a completely flexible building 
would adapt itself easily and efficiently to meet the 
new circumstances. These, then, our better factories, 
may well be stages in the development of those fully 
automated factories in which we shall have as near 
100°% production efficiency as we are ever likely to 
achieve. 





JOURNAL BINDERS 


Strongly-made binders for the Institution Journal, 
each holding 12 issues, may be obtained from Head 
Office, 10 Chesterfield Street, London, W.1, price 
10/6 each, including postage. 


RESEARCH PUBLICATIONS 


A number of copies of the following Research 
publications are still available to members, at the 
prices stated : 


Machine Tool Research and Management 10/6 
Report on Surface Finish, by Dr. G. Schlesinger 15/6 
Practical Drilling Tests 21/- 


These publications may be obtained from the 
Production Engineering Research Association, 
“ Staveley Lodge”, Melton Mowbray, Leics. 





COVENTRY 
ANNUAL DINNER - DANCE 


Coventry are holding their Annual Dinner-Dance 
on Friday, 12th October, 1956, at the Masonic Hall, 
Coventry. The reception is to be at 7.30 p.m. for 
Dinner at 8 p.m. Dancing will take place until 1 a.m., 
liquid refreshments being available until midnight. 
Tickets are priced at 30/- each and can be obtained 
from :- W. P. Gill, c/o S. Gill & Sons (Engineers) 


Ltd., Lythalls Lane, Coventry. 




































THE PRINCIPAL OFFICERS, 1956-57 


Mr. E. W. Hancock, M.B.E. 


It will accord members of the Institution the greatest possible pleasure that 
Mr. E. W. Hancock, M.B.E., M.I.Mech.E., Hon.M.I.Prod.E., F.I.1.A., 
F.R.S.A., became President of the Institution on the first of this month. 
Mr. Hancock is one of the most distinguished production engineers in the 
United Kingdom. He was one of those farsighted pioneers who saw what the 
future held for production engineering. He became an active member of the 
Institution within a few months of its foundation and he has played a 
continuously active part in the development of the Institution. He has served 
on the Council for many years and he was Chairman of the Council from 1930 
to 1932. 

He is also a Past President of the Coventry Section and of the 
Wolverhampton Section. Mr. Hancock has always placed great emphasis on 
the training of young engineers and it was his personal advocacy which resulted 
in the establishment of the Schofield Travel Scholarships in 1949. 

In recognition of his services to the Institution and to the profession of 
production engineering he was elected an Honorary Member in July, 1954. 

His interests range far and wide and he has travelled to many parts of 
the world, including the Soviet Union, which he visited in 1928 by invitation 
of the Soviet Government. 

He is President of the Coventry Works Sports Association and of the 
Coventry and District Fire Brigade Association. He is also Chairman of the 
Coventry Productivity Association and is a member of the Council of the Production Engineering Research 
Association. 

His industrial career is one of great distinction and during his lifetime he has held many important 
positions. His great ability brought him early promotion and he was Works Manager of the Daimler Company 
Limited at the age of thirty-two. He is now Director and General Manager of Humber Limited, which is the 
manufacturing organisation of the Rootes Group. 

He was awarded the M.B.E. for gallantry displayed in the Coventry air raids in 1941. 


Mr. H. G. Gregory 


Mr. H. G. Gregory, M.I.Prod.E., has been elected Chairman of the 
Council of the Institution to succeed Mr. G. Ronald Pryor. Mr. Gregory is 
Manager of the Northern Factories of The Fairey Aviation Company, Limited. 

Mr. Gregory is Past President of the Manchester Section of the Institution. 
He has served on the Council of the Institution for many years and has also 
served on several Institution Standing Committees, and he brings to the office 
of Chairman of Council his very considerable experience of Institution affairs. 

Mr. Gregory began his industrial life in 1917, when he was an indentured 
apprentice at C. A. Vandervell and Company, Limited, in London, and studied 
Mechanical Engineering at the Polytechnic, Regent Street. Having served 
his apprenticeship, he held a number of progressively senior positions, his first 
major appointment being Works Manager of Corfield and Buckle, Ltd., in 
1930. He left this firm in 1936 to hold a senior executive position with the 
General Motors Corporation, and in the early years of the War was Director 
and General Manager of the Burtonwood Repair Depot. He joined The 
Fairey Aviation Company Limited in 1943. 

Apart from Mr. Gregory’s Institution interests, he has been a member of 
the Executive Committee of the Manchester District Engineering Employers’ 
Association for some ten years, and is also Past Chairman of the Manchester 
and District Committee of the Foremen and Staff Mutual Benefit Society. 
In 1955 he was Chairman of the Consortium of Stockport Engineering 
Employers, which was formed in 1953, and of which Mr. Gregory is still a very active Member. He has served 
on the Council of the Stockport Chamber of Commerce since 1948, and was subsequently appointed Chairman of 
the Membership Committee. He is also on a Machine Tool Project Advisory Panel, formed in December of last 
year by The National Research Development Corporation. 

Among Mr. Gregory’s hobbies are dinghy sailing, golf and horticulture. 
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Production Engineering Research Association of Great Britain 


Quarterly Newsletter 


to the Institution 


Monthly Bulletin 


Details of PERA’s training schemes for managers, 
superintendents, foremen, etc., were given in the 
January issue of the bulletin. These courses, which 
are attended by many hundred personnel from 
member firms, provide up-to-date information on 
production techniques, and advice on the application 
of PERA’s research results by means of demonstra- 
tions, lectures, films, and discussions. Special instruc- 
tional courses on productive subjects such as tool 
grinding and machine tool maintenance are provided 
to meet the requirements of individual firms. The 
February issue of the bulletin contained a summary 





Impact Extrusion Research in Progress at PERA 


APRIL, 1956 


of the results of PERA’s research on the quality of 
taps. It was found that very great differences 
occured in the performance of taps made by different 
manufacturers, tap-life varying between 30 and 
3,000 holes tapped between regrinds, when compared 
under closely controlled cutting conditions. Reference 
was also made to the assessment of surface finish 
using plastic replicas. PERA has recently issued a 
report indicating the accuracy of assessment which 
can be achieved when comparing replicas on the 
basis of the images transmitted to a screen by beams 
of light passed through the replicas and subsequently 
focussed on to the screen. In March the bulletin 
gave a brief report on the progress made in cold 
impact extrusion of steel including comments on the 
effect of variations in slug thickness and the thickness 
of the walls and base of extruded components. 


Film Production 


A new PERA film was completed in March, on 
the subject of blanking and piercing. It refers to 
features of punch and die design which contribute to 
maximum tool life and highest quality and accuracy 
of the parts produced. This is the fifth film made at 
PERA, previous films having been devoted to tool 
grinding, impact extrusion, automation, and the 
operation of PERA research and information services. 
Further films are at present being made on drilling 
operations and the use of cutting fluids. 


Research Programme 


A survey of automation techniques was begun in 
January when the first nominees from industry to 
participate in this work arrived at PERA head- 
quarters to join the research team working on the 
first stage of the programme. As a preliminary to 
making a series of industrial visits to study the merits 
of various mechanized operations on both machining 
and presswork, an extensive survey of published in- 
formation and special reports is being made. About 
2,500 British and foreign sources of reference have 
been examined for useful data on equipment for 
reducing handling times between operations, and 
equipment with special localized applications to 


(Continued on page 472) 
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CASE STUDY No. 4 


Crankshafts—Receiving, Storage 
and Internal Transport 


Firm: Vauxhall Motors Limited. 


The Company. A total of 15,000 
are employed at this Company in 
the various production processes or 
control functions of motor car pro- 


duction. 


The Source. Prior to 1949, Materials 
Handling Planning had been a func- 
tion of the Factory Layout Depart- 
ment but due to rapid expansion of 
the factory and the obvious need for 
extensive study of the latest handling 
methods and their application to 
present day needs, a separate section 
was formed. 


The Materials Handling Planning 
Section deals with materials handling 
problems both current and future. 
The permanent staff of this section 
consists of twelve engineers, and this 
is supplemented by four to six ap- 
prentices each spending four months 
in the section as part of their general 
training. During this time the 
apprentices cover draughting and 


assist in engineering study. 


Approach. Each Material Planning 
Engineer is responsible for materials 
handling in a certain area or under a 
certain function of the factory, and 
it is his duty not only to plan 
materials handling methods, but con- 
stantly to study means of improving 
existing methods, 


Each engineer therefore is frequently 


engaged in detailed material handl- 
ing studies. 
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OLD METHOD 


The crankshafts were previously 
delivered to the factory in cases of 
the design shown in illustration (1), 
but of various sizes. On account of 
their lack of uniformity they could 
not be stacked without the use of 
dunnage of various thicknesses. Nor 
could these cases be used on the 
engine assembly line because the 
crankshafts were so closely packed 
that a sling could not be used for 
lifting them out. 


The procedure, therefore, was to un- 
pack the cases in the stores and stand 
the crankshafts vertically on their 
flanges on a wooden raft. 


When needed on the engine assembly 
line the crankshafts were transported 
in a special portable rack as shown in 
illustration (2). 


The disadvantages of this method 
were :- 
(a) Difficult stacking of cases; 


(b) 


Excessive handling of crank- 
shafts, ie. from cases to 
storage ; 


zs 


Wasteful use of floor space for 
storage raft. 


NEW METHOD 


These disadvantages were overcome 
in the following manner. A suitable 
number of standard factory stillages 
were fitted internally with wooden 
bearers which permitted the crank- 
shafts to be lifted out by slings, see 
illustration (3), Hinged lids were 
also fitted. By arrangement with the 
crankshaft manufacturers these still- 
ages are used for the transport of 
crankshafts between the two works. 
On arrival at the user’s end, the 
stillages are stacked in the stores 
pending issue to the engine assembly 
line, when the stillages and their 
contents are issued as a unit load, 
illustration (4). 


Advantages. The savings obtained 
by the introduction of the new 
method were :— 


(a) 60 man hours per week; 


(b) 600 square feet of floor space. 
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COUNCIL ELECTIONS 1956-57 


As a result of the Ballot the following Members have been elected to serve for the year 


1956 - 57 :- 

Members : 
H. W. Bowen, O.B.E. A. Griffiths, O.B.E. A. L. Stuchbery 
H. Burke S. J. Harley C. Timms 
F. J. Everest H. W. Hodson 


Associate Member: 


L. S. Pitteway 


The next Council Meeting will be held at 10 Chesterfield Street, London, W.1, on Thursday, 19th July, 


1956, at 11 a.m. 





PERA QUARTERLY NEWSLETTER— 


continued from page 469 


particular machining and presswork operations. It 
is expected that at least nine engineers from member 
firms will participate in the work of this research 
team. 


The practical work is now completed for the 
investigation into the effects of point angle and re- 
lief angle on drill performance when drilling low 
and medium carbon steels. Similar work on drilling 
of alloy steel is in progress. An investigation into 
the effects of steel analysis and metallurgical condition 
on the machining properties of medium carbon steels 
has also been completed. 


Tests are in progress to compare the efficiency of a 
variety of lubricants used for deep drawing brass. 
The effect of blankholder pressure on the maximum 
depth of component obtainable is also being studied. 
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An investigation has been commenced to determine 
the relative rates of wear of various tool materials 
when blanking and piercing mild steel, stainless 
steel, and electrical lamination steel. This work is 
being carried out on a double roll-feed press capable 
of operating at 600 strokes per minute. 


Further researches are now being carried out on 
the metallurgical requirements of steels for the impact 
extrusion process, and the use of phosphate coatings 
for lubrication, It is hoped that steel components 
larger than those extruded up to now will be success- 
fully produced using the special 1,000-ton press 
installed at PERA. The data arising from the pro- 
duction of these larger components at PERA will, 
it is believed, encourage industry to aim at greater 
exploitation of this highly efficient process. 
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NEWS OF 


Mr. G. L. Brough, Member, has taken up an 
appointment as Superintendent Engineer with Gray, 
Mackenzie & Co. Ltd., Engineering Department, 
Bahrein, Persion Gulf. 


Mr. G. Smithies, Member, has relinquished his 
position as Works Engineer with Turner Brothers 
Asbestos Co. Ltd. and has taken up a new 
appointment as Executive Engineer with Thomas 
Bradford & Co, Ltd., Salford. 


Mr. R. Clarkson, Associate Member, has been 
appointed a Director of C. Jackson & Son, Warwick, 
in addition to his duties as General Manager. 


Mr. S. Critchley, Associate Member, has now 
returned to the Luton and Sundon Works of the 
Skefko Ball Bearing Co. Ltd., Luton, as Plant and 
Research Engineer. 


Mr. G. C. Fairbanks, Associate Member, Group 
General Manager of Elliott Brothers (London) 
Limited, has been appointed to the Board of the 
Bristol Instrument Co. 


Mr. A. A. Jacobsen, Associate Member, has been 
appointed Works Manager of the Witney Works of 
The Motor Accessories Division of S. Smith & Sons 
Limited. He was previously Works Manager of 
Normalair Limited, Yeovil. 


Mr. N. Herbert, Associate Member, has taken up an 
appointment on the staff of the College of 
Technology, Chesterfield, as Lecturer in Production 
Engineering. 

Mr. D. F. H. Rushton, Associate Member, has now 
been appointed Works Manager of C.1.C. Engineering 
Limited, a newly formed subsidiary of C. and J. Clark 
Limited. 


MEMBERS. 


Mr. G. H. Spearing, Associate Member, Works 
Manager of Newton & Bennett Ltd., has been 
elected to the Board of the three Companies, com- 
prising the Group, namely, Newton & Bennett 
Limited ; Power Jacks Limited ; and Newton Motor 
Products, Acton. 


Mr. G. Walkinshaw, Associate Member, has joined 
the Management of Bucyrus-Erie Ltd., South 
Milwaukee, U.S.A. 


Mr. J. H. Beddard, Graduate, has relinquished his 
appointment as Jig and Tool Designer-Draughtsman 
with Messrs. Crompton Parkinson Ltd., Doncaster, 
and has taken up a position as Technical Teacher at 
the Doncaster Technical College. 


Mr. N. J. Bullock, Graduate, has recently been 
made Section Leader in the Planning Dept. of D. 
Napier & Sons Limited, at their Raynes Park Works. 

Mr. R. A. Foley, Graduate, has relinquished his 
position of Chief Designer with M. O. Valve Co. Ltd., 
and has taken up an appointment as Manager of the 
Valve Department of Messrs, Alan Muntz & Co. Ltd. 


Mr. P. W. Millyard, Graduate, is now employed as 
a Planning Engineer by The English Electric Co. 
Ltd., Stevenage. 


Mr. R. Morris, Graduate, has relinquished his 
position of Chief Planning Engineer with Light Alloys 
Limited, and has now joined Harold Whitehead & 
Partners as a Production Consultant. 

Mr. W. A. J. Wilson, Graduate, has relinquished 
his appointment as Toolmaker with F.N.F. Limited, 
Burton-on-Trent, and has now taken up a position as 
Method Engineer with Rotax Limited, Hemel 
Hempstead. 





OFFICIAL OPENING OF THE 


PRODUCTION EXHIBITION AND CONFERENCE — concluded from page 415 


well to draw upon. Large firms and small firms have pooled their ideas in this Exhibition. They are showing 
us the way ahead to progress and to productivity, and this is the key problem in our economy at the present 


time. If we solve this, the problems which seem so formidable now, will fall into place. 


I believe this 


Exhibition plays a truly important part in showing us the way forward, and I have much pleasure in declaring 
the second Production Exhibition and Conference now open.” 


Mrs. M. A. Montgomery, Managing Director, Andry Montgomery Limited, expressed appreciation to the 


Minister on behalf of the Exhibition organisers and of the Institution of Production Engineers. 


She also 


thanked all those who contributed in various ways to make the Exhibition possible, and in closing her remarks 
said : “I should like also to thank all those people who have helped so much in many little ways, particularly 
the West Ham Technical College, who, with no money at all but with great good will on everybody’s part, have 
put on a remarkable exhibit. It has been done purely by students and others who have helped by the kindness 
of their hearts, and the indefatigable Dr. Stein. Anything we have been able to do to put salt on the tail of this 
rather elusive bird, productivity, we have been very glad to do so, and we are particularly grateful to the 


Minister for coming here and opening this Exhibition.” 
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MIDLANDS REGION ANNUAL CONFERENCE 


The Annual Conference of the Midlands Region of 
the Institution, which was held at the works of the 
Austin Motor Company on Wednesday, 16th May 
last, was an outstanding event in the history of the 
Region, and was attended by nearly 600 members and 
guests, the application list having to be closed more 
than a week beforehand. 


The Conference assembled at Longbridge at 9 a.m., 
when the principal members of the party were re- 
ceived by Sir Leonard Lord, K.B.E., Chairman of 
the Corporation and President of the Institution. 
An address of welcome was given by Mr. H, J. 
Graves, Director of the Austin Motor Company, Ltd. 


The morning was spent touring the factory, special 
attention being paid to transfer in line and rotary unit 
head machines, and automatic assembly, including the 
car assembly building. 


After luncheon, the Conference assembled in the 
new Exhibition Hall which had just been completed, 
to hear three short Papers, as follows :- 


“An Outline of the British Motor Corporation’s 
Developments in the Field of Automation”, by Mr. 
H. J. Graves. 


“Design and Manufacturing Problems” by Mr. H. 
W. Holbeche, Chief Production Equipment Engineer, 
British Motor Corporation. 


“An Outline of Processes and Assemblies and 
Material Movement” by Mr. F. Griffiths, Production 
Development Engineer, British Motor Corporation. 


The Conference organisers had selected these sub- 
jects to complement the works visit in the morning, 
and this arrangement was most successful. The open- 
ing speaker, Mr. Graves, gave a broad picture of the 
Corporation’s developments in mechanisation of 
production since the end of the Second World War, 
and Mr. Holbeche and Mr. Griffiths described in 
more detail the problems encountered and progress 
made in the detail planning and design and manufac- 
ture of transfer and unit machines and other 
automatic equipment. 


The three Papers provoked a very spirited dis- 
cussion, which was opened by Mr. F. B. White, 
Director and General Manager of Guest, Keen & 
Nettlefolds, Ltd., and Mr. Bernard Jackman, General 
Manager of the Automotive Division, Lockheed 
Hydraulic Brake Company, Ltd., Leamington, and 
was wound up by Mr. F. G, Woollard, M.B.E. 
Interest was so keen that there was difficulty in closing 
the meeting, which overran the scheduled time. 


This Conference comprised the largest party ever 
received at Longbridge, and great appreciation was 
expressed for the splendid arrangements and outstand- 
ing hospitality provided by the Austin Motor 
Company. 
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INSTITUTION NOTES 


HONOURS 


The Institution records with pleasure the following 
awards made to members in Her Majesty the Queen’s 
Birthday Honours’ List :- 

Knight Bachelor 
Mr. G. H. Dowty, Member, Chairman of Dowty 
Group Limited, Cheltenham, Glos. 

C.B.E. 
Mr. R. M. Currie, Member, Head of Work Study 
Department, Imperial Chemical Industries 
Limited. Mr. Currie is a member of the 
Conference Advisory Committee. 

M.B.E. 
Mr. A. H. Selby, Associate Member, Production 
Manager, George W. King Ltd., Stevenage, 
Herts. 


LECTURES ON “ AUTOMATION AND 
CYBERNETICS” AT BRISTOL UNIVERSITY 


A series of lectures on six Friday evenings has been 
concluded recently by Dr. F. H. George and Mr. D. 
J. Stewart of Bristol University Department of 
Psychology. ‘The audience numbered between two 
and three hundred, and was by no means confined to 
engineers. It followed a short course on computers, 
and is likely to be succeeded by a longer course on 
automation with an engineer added to the lecturers. 

The approach was necessarily general, and surveyed 
a number of related fields of scientific endeavour. 
Cybernatics was considered as the theoretical basis 
of Automation. It draws from the general theory 
of control and communication, and its prime concept 
is information. 

Although both automatic computation and feed- 
back are likely to appear in any development of 
automation, the lecturers held the view, which will 
interest production engineers, that “ automatic ” and 
“automated ” are not precise separations, but a con- 
tinuum. The automatic lathe is covered by the 
general theory as well as machines which can “think” 
and “choose”, and machines which are self-main- 
taining or even self-reproducing. To the delight of 
the audience it was demonstrated that such machines 
are theoretically possible, small as may be the chance 
of putting them to work economically in the near 
future. 

A list of thirty selected books was supplied for 
further reference. One is the I.Prod.E. report of the 
conference on “ The Automatic Factory—What Does 
It Mean?” Another, of special interest to us, is “‘ The 
Living Brain”, which describes research with the aid 
of the electroencephalograph, and the conception and 
construction of simple machines which stimulate the 
human operations of reflex behaviour, recognition 
and learning. The author is Dr. Grey Walter, of the 
Burden Neurological Institute, Bristol. He is to deliver 
the Institution’s 1956 Nuffield Lecture at the Univer- 
sity here on Wednesday, October 17th, and this event 
is anticipated with great interest. 











Hazleton Memorial 


Library 





“Dimensions and Tolerances for Mass Produetion” 
by Earle Buckingham. New York, Machinery Publishing 
Company Limited, 1954. 164 pages. Diagrams. 75s. Od. 
The book under review covers far more ground than the 

reader would be led to expect from the title. The author 

considers all the aspects of dimensioning as they are 
generally understood today. If this information is all that 
the reader seeks, he would be better advised to study the 
early publication, “ Dimensional Analysis of Engineering 

Designs’ (H.M.S.O. 1948), or its more polished successor, 

“The Dimensioning of Engineering Drawings” by Dr. 

Abbott (Blackie, 1953). 

Professor Buckingham devotes a considerable portion of 
his book to the subject of designing for production and 
improved function, and incorporates with this a series of 
gauge designs for the parts under consideration. Certain 
of the gauge designs are only diagrammatic, but in most 
cases the principles of design are sound. 

In many cases the author has prepared fully-dimensioned 
working drawings of components suitable for use in factories 
which are mass producing. 

This book is easy to read and the information is practic- 
able, with the exception of one or two rather optimistic 
designs. 

The book is aimed principally at designers and draughts- 
men and, used with discretion, it should be of interest and 
value to them. Teachers of jig and tool design may find 
some useful examples in this book. Advanced students of 
production engineering could also profit from its pages. 

S.R 


*“* Fundamentals of Press Tool Design” by W. F. Walker. 
London, Crosby Lockwood, 1955. 152 pages. Diagrams. 
12s. 6d. 

As its title implies, the book is intended to convey the 
fundamental principles employed in the design of Press 
Tools. 

Cupping and Drawing, for example, has been the subject 
of considerable research, and in consequence several eminent 
men have had complete volumes published, but Mr. Walker 
has contrived to pack into 15 or 16 pages the essential 
requirements of such tools. 

The subject of cutting action and the effect of clearance 
is also treated in a similar manner. 

Considerable variations exist in the terminology used to 
describe various press tool operations, but in order to 
eliminate any possibility of misconception, the author has 
defined each operation before describing them. Roughly 
twenty typical press operations are described with the aid 
of some well-chosen examples, whilst the final chapter 
provides a guide to the selection of tool steels and their heat 
treatment. 

The text, which is concise and easily followed, is made 
more explicit by the use of many well executed drawings. 

Several tables and formulae complete the book and make 
it a useful reference work to the student in particular. 


*“*The Challenge of Automation”: Papers delivered 
at the National Conference on Automation, 
Washington, 1955. Washington, Public Affairs Press, 
1955. 77 pages. (The Conference was held under 
the auspices of the Committee on Economic Policy 
of the Congress of Industrial Organisations.) 

Chief Inspector of Factories. ‘* Annual Report for the 
year 1954.” H.M.S.O.,1955. 265 pages. Illustrated. 
Diagrams. (Cmd. 9605.) 


REVIEWS AND 
ADDITIONS 





Connell, Robert S. ‘Tool and Cutter Grinding.” 
Brighton, Machinery Publishing Co., 1955. 159 pages. 
Illustrated. Diagrams. (Machinery’s Standard 
Reference Series.) 

Drucker, Peter F. ‘* The Practice of Management.” 
Heinemann, 1955. 355 pages. 

Flood, W. E. and West, Michael (editors). “* Explaining 
and Pronouncing Dictionary of Scientific and 
Technical Words.” 2nd edition. Longmans Green, 
1953. 397 pages. Illustrated. 

Ford (Henry) Trade School, Dearborn, Michigan. 
“Shop Theory.” 4th edition revised. New York, 
McGraw-Hill, 1955. 329 pages. Illustrated. Diagrams. 

Holzbock, Werner G. “ Instruments for Measurement 


and Control.” New York, Reinhold; London, 
Chapman & Hall, 1955. 371 pages. Illustrated. 
Diagrams. 

Institution of Civil Engineers, London. “List of 
Members 1955." London, the Institution, 1955. 
685 pages. 

Institution of Structural Engineers, London. “ Year 


Book and List of Members 1955.” London, the 
Institution, 1955. 327 pages. 

Institute of Petroleum, London. 
Metal-working Oils. Part 1: Metal Cutting ; 
Part 2: Metal-forming”: Report of a meeting 
held by the Institute of Petroleum, 19th March, 
1954. Reproduced from The Journal of the Institute 
of Petroleum, September and October, 1954 

Ireson, W. Grant and Grant, Eugene L. (editors). 
“Handbook of Industrial Engineering and 
Management.” Englewood Cliffs, N.J., 1955. 1,203 
pages. Illustrated. Diagrams. 


“ Symposium on 


Technical Papers and Panel Discussions Presented at 
the 23rd Annual Meeting. American Society of Tool 
Engineers, Detroit, Michigan. Detroit, The Society, 1955. 
40 parts in binder. Illustrated. Diagrams. $5 


This collection comprises sixteen Papers, the reports of 
four panel conferences, and the first A.S.T.E. Research 
Report. The latter, by Dr. Victor Paschkis of the Heat 
and Mass Flow Laboratory of Columbia University, reports 
the results of investigations into the use of electric analogue 
computers to determine the temperatures encountered during 
metal cutting. The Papers cover a wide range of subjects 
including the Coding of Enginering Drawings ; Magnesium 
Tooling ; Research on Twist Drills and Drilling ; Investment 
Casting by the Frozen Mercury Process ; and "Tooling for 
Cold Steel Extrusion. 

The four panel conferences consist of four of five Papers 
besides the discusssion. The subjects discussed are:- 
Plastic Tooling for Production ; Preparing Engineers for 
Manufacturing Responsibilities ; Co-ordination of Manu- 
facturing Management; and Quality Control through 
Realistic Tolerances. The panel conference on Preparing 
Engineers for Manufacturing Responsibilities includes Papers 
on “in plant” training in both large and small organisations, 
and one on The Specialised Curriculum in Manufacturing 
Engineering, in which Mr. R. J. Smith attempts a 

“functional classification in manufacturing engineering’ 
He clearly distinguishes (at least for the purposes of his 
Paper) between the Production Engineer, the Industrial 
Engineer and the Tool Engineer. 

The standard of illustrations throughout the volume is 
high, and valuable bibliographies are appended to many of 
the sections. 
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AIRMATION 


means automation by compressed air. And it means production up and costs down! Some examples 
of AIRMATION are shown where MAXAM control valves, cylinders etc., are used for moving, 


clamping and sequence control on special purpose machines designed and made by PACERA 


(W. J. Meddings Ltd.), by whose kind permission the illustrations appear. Can our Technical Staff 
help you with AIRMATION? 





@ Above right: A machine for drilling 16 holes in a 54 in. x 
52 in. component. 8 heads at 12 in. centres operate 
simultaneously. Component is automatically moved to 
next station and the operation repeated, leaving 16 holes 
at 6 in. centres. Floor to floor time 47 seconds; pre- 
viously, the operation required 15 mins. 10 secs. 


® Aboveilett: Progressive drilling followed by tapping ona 
special Hammer Head. Three operations performed 
simultaneously and in sequence with automatic table 
indexing. Floor to floor time 33 seconds; previously, 
the operation required 2 mins. 15 secs. 


@ Below left: A machine for drilling 18 holes in a 54 in. x 
52 in. component. Firstly 8 heads directly opposed at 
6 in. centres operate simultaneously. The component is 
rotated through 90 deg. when 10 heads again operate 
to complete. Floor to floor time 47 seconds; previously, 
the operation required 15 mins. 10 secs. 





AIRMATION BY 


Airmation means automation by compressed air and is a Registered Trade Mark. 


MAXAM DEPT. THE CLIMAX ROCK DRILL AND ENGINEERING WORKS LTD. 


4, Broad Street Place, London, E.C.2. WORKS: Carn Brea, Redruth, Cornwall. 
Branches and subsidiaries :— 

Climax Engineering (Canada) Ltd., 359, Youville Square, Montreal, Canada. Climax Rock Drill & Equipment Co. (Aust.) Pty. Ltd., 547, Burwood Road, Hawthorn, E.2, (P.O. Box 39, 

Hawthorn), Melbourne, Australia. Climax Rock Drill and Engineering Works Ltd., Saver Street Extension, P.O. Box 4256, Johannesburg, S. Africa: Climax Rock Drills (india) Ltd., 

Candy House, 22, Merewether Road, Bombay, |, India. REPRESENTATIVES AND AGENTS THROUGHOUT THE WORLD 
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OD 


RADIAL 
DRILLING 
MACHINE 





This is a 7ft. radius machine 
operating on large bed castings 








arneReeAMIONAL The Asquith O.D.4 is a Particularly robust radial 
— MACHINE TOOL drilling machine with adequate rigidity for the main- 

iS EXHIBITION 1956 tenance of accuracy in holemaking in the Heavy Machine 
ps pm me Shop. It is available with radius up to I2ft. The 





maximum drilling capacity in steel is 4 in. 
NATIONAL HALL, STAND No. 117 


Write today for full details of the complete range of 


WILLIAM ASQUITH LTD. Asquith Radials. 
HALIFAX - ENGLAND 


Sales & Service for... DRUMMON D-ASQUITH .. . the British Isles 


DRUMMOND-ASQUITH (SALES) LTO., KING EOWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7 Lines) Also at LONDON: Phone: Trafalgar 7224 (5 lines) and GLASGOW: ’Phene Central 3411 
Allé 
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ELECTRONIC COPY TURNING 


simplifies and speeds up production 
of large multi-diameter shafts 





Two ‘Maxicut’ Machines (8’ 6’ between centres) are 
employed by RUSTON-BUCYRUS LTD. for machining 
large excavator shafts. The example shown is a forward 
shaft for a 22RB type Excavator. The lower illustration 
clearly shows the tracer head of the machine, and the 
template being used can be seen mounted on the 
carrier at the bottom right of the illustration. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 


» 
(ey A NTERNATIONAL 
STAND No. 113 a MACHINE Too) 
AY xn % 
NATIONAL HALL RSS ITION 1954 
ee 


June 22.4 
Olympia «1 _ . 


Sales and Service for... D R U M4 ae. | D-ASQU iTH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD.. KING EDWARD HOUSE, NEW STREET, BIRMINGHAM 


"Phone: Midland 3431 (7 lines) Also at LONDON, ‘Phone: Trafalgar 7224 (5 lines) and GLASGOW, *Phone: snag i 





Ae , me ; 
The Institution of Production Engineers Journal 





















culfing Teeth 


he buginese I 


he 


THE FEEDS AND SPEEDS GIVEN 
HERE ARE OBTAINABLE ON NORMAL 
PRODUCTION RUNS....... 


AUTOLOCK 1% END MILL facing 
nickel chrome cast iron. 114 r.p.m. with 
roughing and finishing cut to obtain very 
good accurate finish. 


STANDARD AUTOLOCK DOVE- 
TAIL cutter 13” dia. 60° angle rough 
milling cast iron slide 150 r.p.m. 3” per 
minute feed. These cutters are stocked 
in all our branches }” to 13” dia. with 
60° and 45° angles. 





‘3 AUTOLOCK 1:4” END MILL 

‘ mgs cutting recess in housing cover. Material 
cast iron 205 r.p.m. 12” per minute 7” 

‘ PY, deep. Clarkson End Mills are designed 
‘ 3 as versatile tools giving high performance 


over a wide range of materials. 







{ture issues 





more examples Nn 





SOT 


Head Office & Works: NUNEATON, WARWICKSHIRE 
Branches and Stockrooms: 
LONDON, BIRMINGHAM MANCHESTER, BRISTOL, NEWCASTLE-ON-TYNE, GLASGOW 
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-() THE TORCH OF INDUSTRY 


% 


CUTS OVER 
57 MILES OF STEEL 
-WITH ONE NOZZLE 


A BANTAM supplied to the Furness Shipbuilding Co. Ltd. cut over 
300,000 ft. of mild steel plate with the original Cutogen propane 
nozzle supplied. Once again the little Bantam has proved capable of 
tackling a big job. 
* You can carry the Bantam in one hand. 
x It will cut 2” thick steel with machine 
accuracy. 
> It can be guided or track mounted. 
>k Does many of the jobs performed by 


a static machine— with the same 
accuracy and on the site. 


,=3 70 & wD E— 9 = Ge Oe D>. OZ 38 >) ~ I 


British Oxygen Gases Lim ted, Industrial Division, Bridgewater House, St. James's, ey ste foley S.W.1 





& 


xiii 


The Institution of Production Engineers Journal 


Fot Maximum Fieduction 





Fitted with 2° Hand Operated 
Automatic Chuck and 2° 
Capacity Bar Feed 








19” dia. Free Cutting Mild 











| Steel, En.1. 
> } anainigton 
F le ° Tungsten Carbide and N @) } 
High Speed Steel Cutting 
Floor to Floor Time: 4 minutes CLUTCH LEVER Tools * 





Tool Position _—| Spindle Surface Feed 
DESCRIPTION OF OPERATION Speed Speed Cuts 
Hex.Turret  Cross-slide, R.P.M. Ft. per Min.) per inch 











Multiple Roller Turn B and C dias. and ans End 

Parallel Undercut turn D . - 

Drill A - - - - - - 1000 130 Hand 
Tap §” dia. x14 TPL. - - - - 177 30 | 14T.P.I. 
Support and FormC,D,E - - - - 
Radius Part-off F - - : - - - 


Feed to Stop, Chuck, Start Drill A - — | 1000 | 130 Hand 
am 1000 | 460 133 
Ee. 1000 | 460 193 


r 177 | 80 Hand 
T1 | 146 | 30 | Hand 


"AWUaAWwWnNa= 














Capacity: 23 in. dia. hole through spindle 16 in. dia. swing over 
stainless steel bed covers. 
Spindle: Mounted in ball and roller bearings 


Powerful metal-to-metal cone clutches transmit power through ground gears. 


OUR COMPLETE RANGE INCLUDES CAPSTAN AND 
TURRET LATHES WITH CAPACITIES UP TO 35 in. SWING ; 
OVER BED AND 8} in. DIA. HOLE THROUGH SPINDLE. Full details on request 


H.W.WARD & CO. LTD 


SELLY OAK ;,—} BIRMINGHAM 29 


TELEPHONE Vy SELLY OAK 113! 





W.612 








— 
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SHIPLEY « ‘) YORKSHIRE 


TELEPHONE I S323) 
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The NEW 3HG Milling Machine 


By Permission of the 
Trustees of the Estate of 
Sir Arthur Conan Doyle 


WES ANS WIR 
to the A. & S. Mystery 


machines from Adcock & Shipley, 3 
entirely new, 3 with brand-new features, 
and 1 on exhibition for the first time ! 
See them all on Stand 216, International 
Machine Tool Exhibition. And here’s 
what they are. 





* 3HG MILLING MACHINE—an entirely new Post- 
War design, with I5 h.p. and designed for TUNGSTEN 
CARBIDE MILLING. 

* 4HG HORIZONTAL MILLER—a new version of the 
4AG—heavier—wider knee—automatic lubrication of all 
slides and screws. 


* NEW No. 2 UNIVERSAL MILLER—with rapid tra- 


verse in all directions. 


* 2VSB SWIVEL HEAD VERTICAL MACHINE—a 
heavier and more powerful version of this well known 


> eg nN aay Sime ee Se ae a machine. 
STAND 216 * 2VR CONTINUOUS MILLING MACHINE-—a 
heavier and more powerful version of this fine machine. 


* AUTOMATIC CYCLE MILLER —table size 18” x 5’— 
Empress Hall with spindle speeds up to 4,000 r.p.m. and tested ON 
PRODUCTION on time cycles as low as 34 seconds! 


Olympia * No.2 SIZE TWIN COLUMN ROTARY TRANSFER 
MACHINE—now exhibited for the first time. 





INTERNATIONAL 
MACHINE TOOL EXHIBITION 
JUNE 22—JULY 6 


A D Cc a Cc K & 4 we i P L E Y LT B e P.O. Box 22, Ash Street, Leicester 


Telephone: Leicester 65154-6 
Telegrams & Cables: Adcock, Leicester 








TT 
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use HOOVER power in your exports 


Fit Hoover F.H.P. Motors and add to the prestige 
of your product through the unrivalled service 
which attends every Hoover Motor. 
Service and advice on Hoover F.H.P. Motors are obtainable 
not only at home, but in more than 60 countries overseas, 


through Hoover Distributors and Associate Companies. 


Call in our Sales Engineer, or write to 


HOOVER LIMITED 


HOOVER LIMITED + INDUSTRIAL PRODUCTS DEPARTMENT + CAMBUSLANG + LANARKSHIRE + SCOTLANL 
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does your ‘set-up ” ever seem ‘upside down”’ 
































Most production worries stem trom tooling 
troubles and it is here that we can help you. In 
using Jessop Cutanit tools and wear-resisting 


parts you are obtaining the best in cemented 


carbides—and the best from your plant. 
Try trouble-free producing for a change with 
tools made by the Company with 182 years rep- 


utation for quality. 


JESSOP-SAVILLE 


TIPS AND TOOLS 
We Expand Our Business by Expanding Yours 


WM JESSOP & SONS LTD P4 & | JJ SAVILLE & COLTD | 


RICHTSIDE WORKS SHEFFIELD TRIUMPH WORKS SHEFFIELD 


Enquiries to:- SMALL TOOL WORKS, PORTLAND STREET, SHEFFIELD, 6. 





Visit cur Stand No. 509, Ist Floor, 
Empire Hall. We are operating a 
tool regrinding and reconditioning 
service for the use of other ex- 


MACHINE TOOL 

EXHIBITION 1956 | x — 
june 22-July hibitors demonstrating their mach- 
pee ines with cemented carbide tools. 


INTERNATIONAL 




















The Institution of Production Engineers Journal xLix 


| am eT 


GROUND THREAD TAPS 


.... for lowest tap cost per tapped hole 
HERBERT TAPS 


STANDARD TAPS stocked in all sizes and forms of 
thread, including Unified. 

HERBERT X-TYPE TAPS specially developed for tap- 
ping cast-iron, and L-TYPE TAPS for Stainless Steels, 
Aluminium, Silicon Aluminium and Duralumin, are 


Service supplied at standard tap prices. 
before and after Sales Made from the best quality high-speed steel in the same 
works and under the same conditions as Coventry Dies. 
Our specialists are always Accuracy guaranteed to B.S.|. specifications for Ground 
available to advise on the solu- Thread Taps, Zones |, 2, 3 and 4. 
tion of any tapping problems Correct heat treatment ensures long life between 
and we are willing to carry regrinds. 
out experiments on difficult Threads ground from the solid after hardening thus 


eliminating distortion. 


Special design of flutes prevents chips from causing 
damage to tap or work. 


materials to determine the 
best type of tap to use. 


SKF TAPS 


Made from high-quality chrome-carbon steel. 


Dimensions to D.I.N. standards and tolerances to 
equivalent of B.S.I. Medium Fit. 







P a A 
ae? Da SPE EL 


ALFRED HERBERT LTD > 


COVENTRY 





CHROME CARBON STEEL 


| AD 109 
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NEVEN 
ELLE 
TOOLS 
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CERAMICS, TUNGSTEN CARBIDE, GLASS, QUARTZ, STONE, GRANITE 


MINERALS, SLATE, SHELL, REFRACTORIES AND ALL HARD METALS 


IMPREGNATED DIAMOND PRODUCTS LITD:-GLOUCESTER 


Telephone 21164-Telegrams-Impreg-Gloucester. 
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FLAT BED 
ROTARY TABLE DUST COLLECTION 
AIRLESS BLAST 

SYSTEMS 


ilies cde MACHINE a, 


Our specialised knowledge and long f 


experience of all forms of Dust Col- 














lecting Systems includes Foundry 
Knockouts, Sand Handling Systems, 
Grinders, and Wood Refuse Collection 
and Disposal. Composite Systems or 
individual units are available for any 


application. 








SPENCER & HALSTEAD LTD 
BRIDGE WORKS OSSETT YORKSHIRE 


( 821 4 (4 Lines) LONDON f 
BIRMINGHAM EDGBASTON 1539 ~-GLASGOW CENTRAI 


MANCHESTER DENTON 2934 
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for economy, accuracy, reliability 






Model “85 
8: centre lathe 


Model “70° junior 
7 centre lathe | 





WOODHOUSE é MITCHELL WAKEFIELD ROAD BRIGHOUSE 


PHONE BRIGHOUSE 627 (3 LINES) GRAMS “WOODHOUSE, BRIGHOUSE” 
PROPRIETORS: THOS. W. WARD LIMITED 
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.-- roll, dislodge, clean, sort, shelve, clamp and feed | Hymatic Automation, therefore, has a place in your pro- 


parts. Hymatic Automation is thus invaluable in the auto- 
matic and selective transfer of parts from one process to the 
next, from conveyor to conveyor; in unloading one machine 
and loading the next; or in quick clamping to hold parts 
during machining. All designs of Hymatic Automation are 
made for specific tasks but are readily adaptable to others. 


Hymatic Automation covers the whole problem—the de- | 


sign of the circuit—the machine—the means of control. 


THE HYMATIC ENGINEERING CO. LTD* DEPT. HA.84 * REDDITCH - 


gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 
are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 


WORCS, 






E. 
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Electronics can spot 
the odd man out 


The one that’s a little different, a little 
wrong, insize or shape or colour—electronics 
can spot it, infallibly. 

Electronics can sort most types of 
material, deflecting the faulty, accepting 
the sound. It can sort into different grades. 


Think of electronics as a super-human 
power, one that co-ordinates brain and hand 
and eye as we do, but infinitely more quickly 
and surely. And because it is super-human 
it never loses its efficiency towards the end 
of the day. 


This is only one of the ways in which 
electricity is playing a vital part in the 
drive for higher productivity. 


Electricity for 
Productivity 


Ask your ELECTRICITY BOARD for advice and informa- 
tion, or get in touch with E.D.A. They can lend you, 
without charge, films about the uses of electricity in 
industry. E.D.A. are also publishing a series of books 
on Electricity and Productivity. Titles now available 
are: Electric Motors and Controls, Higher Production, 
Lighting, Materials Handling, and Resistance Heating. 
Price 8/6, or 9/- post free. 


lesued by the British Electrical Development Association 
2 Savoy Hill, London, W.C.2 


@eeeeeevea2eaeeaeeaeeae2e20e00e20e202080808080 @ 
@eeeeeevseaeeadeaeeaoeaeaeaoeoeaeeaeeneoeeenee se @ i 
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Photograph by courtesy of 
D. Napier & Sons, Ltd. 


Homo Nitriding 
at Napier 


he Homo Nitriding principle of forced circulation continuously 
floods every surface of every piece in the furnace load with am- 
monia gas of uniform consistency, flow and distribution of gas and 


HEAT TREATMENT duration of treatment being controlled exactly. 
FURNACES 

hen, allied to this, the Micromax Electric Recorder Controller 
STEAM HOMO METHOD ce 
for Scale-free tempering, not only indicates and records but controls temperature at the 
enncaling, busing. desired predetermined point the result is absolute uniformity of 
HOMOCARB CARBURISING hardness and case depth—batch after batch—and in substantially less 
METHOD 
Electric Drip Feed Gas Principle. time than is normal using other methods. 


Se Leeds Northrup Heat Treatment Furnaces are in use by Rolls-Royce; 
for tempering, annealing and 


normalising. Austin; Morris; International Harvester; Jaguar; Humber, etc., etc. 


VAPOCARB-HUMP METHOD Surely no more convincing evidence of efficiency is possible. 
for tool and die hardening. 


Send now for descriptive catalogue—or better still—our Technical Rep- 
resentative will call and talk this over with you at your convenience. 





183 Broad Street Birmingham 15 
"Phone: Midland 1453/4 Telegrams: Flometer Birmingham 
British made in Birmingham 


INTEGRA, LEEDS TH & NORTHRUP LTD. 











When replying to advertisements please mention the Journal 
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FOR ALL KINDS 


JIGS - FIXTURES & GAUGES 


PRESS TOOLS: MOULDS AND 
SPEGIAL PURPOSE MAGHINES 


Our commitments are heavy but we welcome an 
opportunity to study your requirements for 
inclusion in our production programme where 
possible. 





























Up-to-date shops specially laid out and equipped 
for making, on a production basis, every type of 
precision ground gauges; limit snap, form, calliper, 
taper and special purpose gauge, as well as jigs and 
fixtures of all kinds, press tools moulds and special 
purpose machines. Highest class workmanship 
and accuracy guaranteed. 





Guaranteed 
Precision 
Accuracy 






























































So. A. TOO 5 & GAUGES LIMITED 





HARPER ROAD : WYTHENSHAWE ' MANCHESTER 


Phone:- WYTHENSHAWE 2215 Grams: PNEUTOOLS, PHONE 
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Though the products, parts and pieces developed and manufactured by The Morgan 
Crucible Company may be little known to the general public, yet they are essential 
directly or indirectly, to every industry throughout the world. In meeting the 
manifold problems of industry their chemists, engineers, metallurgists, physicists, 
technologists and craftsmen are drawing on knowledge and skills evolved and 
accummulated over a century. Their aid is already being given in the newer fields 
of electronic and nuclear engineering. Morgans are in fact vigorously shaping for 
continuing progress, buttressing the results of ever increasing research and develop- 
ment with the proven traditions of the past. 








CARBON AND GRAPHITE—ELECTRICAL, CHEMICAL AND MECHANICAL ; 
M 6 R G A N S CRUCIBLES, FURNACES, REFRACTORIES; RADIO PARTS, SINTERED 
METAL PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 


CENTENARY 






THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.1I. BAT: 8822 


1856-1956 
MCC I18/A 
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Two biedt with oue stone. 





OR—machine your components where they are cast 


The proof of a casting lies in the machining. In this respect, Lloyds have unique 
on-the-spot facilities for machining castings made in their own foundry. This 
service operates to the advantage of the customer. 

When an order is placed with Lloyds for casting and machining, the two 
operations are co-ordinated and treated as one production job. Casting 
methods are prepared for jigging, important. faces are given special 
care in the foundry and the finished product benefits by an 

integrated system of quality control. 

Lloyds also have extensive capacity for proof machining 

or high precision finish machining. Lloyds machine shops 

represents the best in highly skilled personnel and modern 

equipment that the renowned Midlands can offer. 


LLOYDS 


Britain's Best Equipped Steel Foundry 





ee PUMP BODY, weight 1,230 Ibs., dimension 2’ 114” 
@. @. LLOYD. & COMPANY LTD., P.O. BOX $s JAMES BRIDGE STEEL WORKS DARLASTON JAMES BRIDGE 2401 x 2° 8 x 1 84". Cast for Sigmund Pumps Ltd. 


A Pring for industry Led. advertisement. 








The Institution of Production Engineers Journal 


@ ALLEY & McLELLAN, LIMITED, GLASGOW 


When 


The many outstanding features of a 
6ft. radius medium duty high speed 
are being fully exploited in this well- 


Archdale radials take in their stride is this gas engine crank- 
case in which no fewer than 300 holes are drilled. A large 
proportion of these (ranging from 4” to 2” dia.) are tapped 
and spot faced—a worthy task for a versatile machine whose 
ease and speed of operation render this an ideal application: 
4ft. and 7ft. spindle radius machines also available. 


JAMES ARCHDALE & CO. LTD., LEDSHAM STREET, BIRMINGHAM 16 


SOLE AGENTS: ALFRED HERBERT LTD., COVENTY 


replying to advertisements please mention the Journal 
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for 


machine tools. 


5 
Pel LAWN 


THOS. FIRTH & JOHN BROWN LIMITED . SHEFFIELD 


SS 
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METRON DIAL GAUGE 


A complete breakaway from the conventional rack and pinion movement 


Therefore this instrument is extremely accurate and reliable 


over its measuring range. Transmission is obtained by 


























means of a continuous metal band which completely 


eliminates wear and consequent sticking of the pointer. 





CEJ PRODUCTS 


Ground Thread Taps Deltameters (Automatic 
Sizers) 

Screw Plug Gauges 

, : ri ’ 

Screw Ring Gauges Drill Chucks 


Circular Chasers and Gauge Blocks 
Holders 


Dynamometers 
Round Dies 


Thread Milling Hobs "*#nsometers 

Thread Rolling Dies Plain & Screw Snap 
Gauges 

Plain Plug Gauges 


Plain Ring Gauges 
Mikrokators 
Rilere Suuw Ging Gronkvist Drill Chucks 


Surface Finish Tapping Attachments 
Indicators 

Multiple Interference 
Micrometers Microscopes 


Bore Gauges Vernier Height Gauges 


V— —— ee eee eee eee 


PRECISION T TOOLS AND. INSTRUMENTS 
A.1.D. AND A.P.1. APPROVED 
SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/3 





HB/2366 
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the domestic diamond 


The efficiency of a domestic vacuum cleaner depends 
on the small high speed motor. Diatipt tools are 
used to finish the surface of the copper commutator 
so that wear on the contacting carbon brushes 

is reduced to a minimum. Most other household 
aids depend in some way on diamond tooling 
for their efficiency. This extends even to 


the finishing of aluminium kitchen ware. 





VAN MOPPES & SONS (DIAMOND TOOLS) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 








Telephone: Basingstoke 1240 Telegrams: Diatipt Basingstoke 


TRADE MARKS - DIATRU - DIANYF - DIATUF - DIATIPT + DIADUST + DIAFORM . DIADEX + DIATHREAD - DIATORC 
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WE ARE PLEASED TO OFFER OUR SOLUTION ( AGIETRON, LOCARNO, SWITZERLAND. 


Spark Erosion Equipment, all types. Ultra Sonic 


TO THE MANY PROBLEMS CONFRONTING Cleaning Equipment. 
PRODUCTION ENGINEERS. + 


Rotomatic Machines. Single Spindle Automatics using 
coil material up to 6 mm. diameter. 


ESSA, SWITZERLAND 
High Speed Presses, inverted type, Shaving Presses and 
Auto feed second operation Presses. 


GEORGE FISCHER, SCHAFFHAUSEN, 
SWITZERLAND. 
+ GF + Copy Turning Lathes. 


GEBRUDER HILGELAND, GERMANY. 
Cold Heading and ancillary Machines to Pointing and 
Rounding for Bolt and Screw production. 


HEGENSCHEIDT, GERMANY. 
Wheel Set Lathes for Locomotive Carriages and Wagons. 
Roller Burnishing Attachments for existing Lathes. 


CARL HURTH, MUNICH, GERMANY. 
Gear Tooth-Rounding and de-burring Machines. Auto- 
; matic Spline and Beyway Milling machines. Gear 
The range is wide but they all have testing machines. 


one characteristic in common: their 
ISOMA, BIENNE, SWITZERLAND. 


contribution is not only to an Jig Boring Machine, Column type, Optical Projector 
: ‘ an tical Equipment Pivot Hardness Tester. 
improved quality of product, but to . =“ 


greater efficiency in the production eidtass eusae etiniaasiies 
process Profile Shaping Machines. 


NEW BRITAIN MACHINE CO., U.S.A. 

Multi-Spindle Chucking and Bar Machines. Tool and 
Workrotating type. Contour Turning and _ Boring 
Machines. 


OERLIKON MACHINE TOOL WORKS BUEHRLE 
& CO., SWITZERLAND. r 
Oerlikon Spiromatic for generating Spiral Bevel Gears. 


HERMANN PFAUTER, GERMANY. 
Hobbing Machines, Vertical and Horizontal, Ultra High 
Production and Universal types. 


REM, PARIS, FRANCE. 
Centre Grinding and Lapping Machine. 


TREBELWERK, GERMANY. 
Dynamic Balancing Machines. 


INTERNATIONAL MACHINE TOOL 


EXHIBITION, OLYMPIA. PETER WOLTERS, GERMANY. 5 
Lapping Machines of all types, double, single and flat 
June 22nd to July 6th blade, verticle and nee machines rd smerual and 
. external diameters. Burr removing machine, high pro- 
Stand 101 National Hall, Stand 78 duction and general purpose. Special machines for 
National Hall, Annexe. lapping quartz, germarium and berium crystals. 








L\O/2\ 0 (e° aa RA 4 Queen Street, Curzon Street, London, W.! 
Telephone: GROSVENOR 8362-5 


ASSOCIATES LIMITED Waxvow cams, tear SOnDTAEE. Wea SOOTY. Clete 
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C.1.B 


NOZZLES 


outlast them all 











Seeing is believing ! 

















The photographs below 
show the results of a comparative 
test made between a Tungsten Carbide Nozzle 
and a Carbon Tetra 
Boride Nozzle 

The *” bore Tungsten 
used with carborundum Carbide Nozzle was 


worn to this condition 
in two weeks. 





shot at an air pressure of 
75-100 Ibs per sq. inch. 








The *” bore Carbon 
Tetra Boride Nozzle 
with tapered lead-in was 
worn to this condition 
in eight weeks. 


| Glostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 
TUFFLEY CRESCENT - GLOUCESTER 
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ALLENITE 
PLOWRAKE 


What lies between ? 


Here you see a new Allenite Plowrake tungsten carbide tipped tool side 
by side with one at the end of its life. What you don’t see between them 
is the work that the tool on the right has performed before that stage was 
































Come to Olympia reached. During its life, it has planed steel castings, drop stamp hammer 
blocks of nicke! chromium molybdenum steel of 80-90 tons per sq. in. 
and see for yourself tensile, 2} ft. sq. x 18 in. deep, at 85 ft. per min. on all sides, with cuts 
at— varying from } in. to 4 in., and a feed of 1/32 in. Allenite Plowrake was 
the only satisfactory tool for the job! It could be suitable for your 
St Wale machining too, This is what this new Allenite tool can do when planing 
steel. But we supply many standard Allenite tools for turning, shaping, 
Ke) c{e}°) roughing, etc. Ask for literature. A development of “ Plowrake” is 
GRAND HALL our “ Plowcast”’, for planing cast iron. A definite improvement on 
GALLERY standard tools for cast iron — try one! 
To Edgar Allen & Co. Ltd., 
Sheffield, 9. 
Please post “ Plowrake’’ booklet to: i | GA R A [ [ 4 & C 0. LT D. 
Name 
pn IMPERIAL STEEL WORKS -SHEFFIELD-9 
se PHONE: SHEFFIELD 41054 GRAMS: ALLEN SHEFFIELD 9 
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Wi 6 2 
CHECK f 28-climensional forms 
Oy 


YW 
UNIVERSAL MEASURING 
MACHINE 



























For checking 2 and 3 dimensional 
cams, gears, thread forms, gap and 
length gauges, in fact for any com- 
ponent which involves controlled rotary 
or rectangular measurements. 


PRINCIPAL DIMENSIONS 


Centre height of optical dividing head 
mounted horizontally 8 


Maximum diameter, measured with optical 
dividing head mounted vertically 6” 
Maximum distance between centres 20” 
Range of measuring head. 0-4” 
Range of longitudinal slide a 


PHOTOGRAPHS SHOW :— 


Set-up for checking three-dimen- 
sional cams. All readings taken on 
large optical screens for co-ordinates 
in three directions. 


Thread pitch is measured by using 
a stylus head allowing lateral float 
of the ball, indicated on a 0:0001 in. 
comparator. Measuring head is 
traversed one pitch between read- 
ings, the comparator showing any 
pitch error. 

Alternative mounting position for 
the optical dividing head enables 
the profile of flat cams to be 
checked. In this set-up an exten- 
sion stylus is being used. 





fi YUM bottarrrtnine eee 


PRECISION GRINDING LTD. 
MILL GREEN ROAD, MITCHAM, SURREY 
TELEPHONE : MITCHAM 3014 


A SUBSIDIARY OF GEORGE H. ALEXANDER 
MACHINERY LTD., 82-84 COLESHILL ST., B’HAM. 
TELEPHONE : ASTON CROSS 3264 
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Do not disturb 


Can two hands do the work of four —- or six — or more? Does increased production 
necessarily require more man-power ? 

Can life be made more attractive and easy for my present operators? 

These are questions often asked by harassed production executives in practically 
every industry, and the lucky ones find the answers they want in Enots several 
booklets explaining in fullest detail the advantages of controlled air power in the 
factory. 

Automate with Enots and British Bellows Pneumatic Equipment NOW! Our tech- 
nical representatives are ready to advise you on your particular problems — and 
without the slightest obligation of course. 


Two short films “Production Miracles’’ and ‘Operation Push Button’’ produced: by the 
Bellows Corporation of Akron, Ohio, U.S.A., and illustrating the application of pneumatic 
devices as aids to increased production and efficiency, are available for exhibition on 
application to Benton and Stone Limited. 





ON QB Pise So ob Sh: ee 3p SP OP ON AVAS 


PNEUMATIC EQUIPMENT 


BENTON & STONE LTD., ASTON BROOK ST., BIRMINGHAM 6, ENGLAND 
See our exhibits at the 
INTERNATIONAL MACHINE TOOL EXHIBITION, OLYMPIA 
22nd June - 6th July on Stand 501 Empire Hall Gallery. 
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PROMPT DELIVERIES — 
FROM STOCK 


A genuine off the shelf service for all machine shop equipment is 

offered. Comprehensive stocks of “ Galtona O.K.” Serrated blade cutters; 
“ Galtona ” Ground thread taps and dies; twist drills; | & S Tools; 

Vices; H.S.S. Milling cutters and reamers; Carborundum products; 

lathe and drill chucks; socket head screws; precision tools; 

power transmission appliances; belting, pulleys and mill gearing; 

mill furnishing; machine tools and equipment:— 








STEELHOUSE WORKS - OLIVER STREE ra BIRMINGHAM 7 
‘ogs Birmingham 


Yelephone Aston Cross 3OOI (2 mts) elegrams 





NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds, !. 
LONDON AREA OFFICE: A.J. Percy, 240, Romford Road, Forest Gate, London, E.7. 


EVERYTHING FOR THE a 
ENGINEERING SHOP 


% TELEPHONE 


BIRMINGHAM (Head Office) 
ASTON CROSS 3001 
LONDON OFFICE 
MARYLAND 2564 


LEEDS OFFICE 
LEEDS 21212 












INDUSTRIAL CLEANING MACHINES 
can be designed to meet your 


HERE ARE THREE particular cleaning problems 
EXAMPLES 








This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 

small parts in baskets. 











Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 
problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD - GorTON LANE - MANCHESTER 18 - Tel.: EAST 2435 





Th 
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Constant and full load starting torque is only one of the 
features of this outstanding hydraulic motor. It introduces 
high efficiency at low speeds and maintains it throughout 
the range, and provides exceptionally smooth transmission 
of power for a widely varied number of applications. 
Capable of rotation in both directions. 

The smooth and vibrationless operation of the Motor is 
also a feature of the Deri-Sine Hydraulic Pump, a rotary 
displacement pump of high volumetric efficiency, which is 
essential to the power circuit. 


FRASER 


for efficiency fit a 


ANDREW FRASER & CO LTD 29 BUCKINGHAM 


When to advertisements 


replying 


GATE LONDON SW1 


Lxix 


An output of up to 4,000 Ib./in. torque is available in a 
range of four basic sizes which incorporate variations in 
stator and rotor dimensions. 











VALves.— Mono-Radial Control 
Valves—built with precision and 
virtually foolproof —are arranged 
for one or more hydraulic supplies 
under manual, remote, or power 
operation. 











DERI-SINE Hydraulic Motor 


PHONE VICTORIA 6736-9 


P778 


please mention the 


Journal 
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Air Ministry Gauge Test 
House Authority 89755/3! 








) and Hooke’s Type Universal Joints have a place in every 
industry. They are precision made to combine high load 
carrying capacity with constant reliability over long periods 


of service. Why not write for details today ? 






































MOLLART ENGINEERING COMPANY LTD 


KINGSTON BY-PASS + SURBITON + SURREY «+ TELEPHONE ELMBRIDGE 0033-7 +» TELEGRAMS PRECISION SURBITON 


1442 





Magnetic Floaters... 


are indispensable wherever clean or greasy sheets of 
ferrous material have to be separated. Every press user 
should know of the tremendous saving in handling time 
which they effect. 

Ask for publication P.M. 120, Part 1, which gives full 
particulars and sizes available. 





Supplies through appointed 
“Eclipse” Distributors 








Magnetic devices designed 
to accelerate production 


JAMES NEILL & CO. (SHEFFIELD) LTD., ENGLAND. 
PM 25 





Th 
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are in widespread use for testing all kinds 
of prime movers. They operate upon the 
Eddy-Current principle and with the elec- 
tronic control normally employed, very 
desirable torque-speed characteristics are 
provided. 
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INDICATING HIGH PRECISION 
MICROMETERS 


veel | MECHANICAL 


two sizes 


oVadi2" FINE MEASURING TOOLS 





JUAN Winnie 









AUUAAUL ATLA 








Smail Bore Gauges, Passameters, Universal Too! Holders, 
External Micrometers, Indicating Micrometers, 
Orthotest High Precision Indicators, Indicating Tooth Spacing Micrometers 


Catalogue on request 
Joint Sole Distributors 


The Selson Machine Tool Co. Ltd. 


CUNARD WORKS, CHASE ROAD, N. ACTON, LONDON, N.W.10 
Tel: Elgar 4000 (10 lines) 


GEORGE COH EN BULWER STREET, LONDON, W.12 


SONS AND COMPANY LIMITED Tel: Shepherds Bush 2020 





i 
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This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 













We can profile cut any shape in mild steel 
from }” to 6” in thickness. Our products 
are clean cut and necessitate tne minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations. Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 
scinasdii tahoe BOLTON, Lancashire. Telegrams 


“WAGON” BOLTON 
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Just as we regret the decline of the horse in rural life, 
so we welcome the introduction of the “‘little horses” 
to industry. The contribution they are making 
to increased productivity needs no repetition here. 
As the demand for Desoutter tools increases 
so does the demand for our castings which are 
widely used in their design. But increased 
orders from existing customers — satisfying 
as they are to receive — have brought us 


new problems. As the demand for quality \ 
die castings has risen it has been a 
matter of regret that for some time we \ 


have been unable to accept orders \ 
from new customers. In order to meet \ 
these demands we have undertaken 
a major development programme. \ 
The installation of a consider- |. 
able amount of plant is now 
complete, enabling us once i 
again to turn our attention to | 
enquiries from new customers. | 
] 
/ 





ge WOLVERHAMPTON DIE CASTING 


AFFILIATED WITH 


PRECISION CASTINGS CO. INC. (U.S.A.) 





~— ae ae Oo 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS - WOLVERHAMPTON - TELEPHONE 23831/6 
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= HELCOIl 


SCREW THREAD INSERTS 


%e Regd. Trade Mark 


No fractional gains either; substantially faster and surer assembly 
is a certainty and here’s why— 

Fit Heli-Coil! and reduce number of fastenings required. Use 
set bolts (which can now be shorter) instead of double threaded 
studs and eliminate “worrying” cover plates etc., into position. 

Fit Heli-Coil! and reduce torque loading for same duty. 
Reduce the wall boss size—no counterbore needed. Use lighter 
materials and improve thread strength. 

Fit Heli-Coil! and have all the advantages of a polished, 
rolled, internal thread. 


Please write for full information. 


ARMSTRONG PATENTS CO. LTD. 
BEVERLEY YORKSHIRE 
ey A en a _ 
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Yead and shift 
above the olhold 









The material and 
craftsmanship of these 
hammers and all 
Bedford tools makes 
them stand out. 
They are made 
from the finest 
Sheffield steel 
and are sold with 
or without 
selected ash 


or hickory 


handles. 




















3 
if it’s a good 
hammer it’s a 


BEDFORD 


JOHN BEDFORD & SONS LTD. LION WORKS, SHEFFIELD 


715 
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PRECIMAX, 


PRECISION MACHINE 
TOOLS 


STANDARD FBI. 
SINGLE ENDED 
FINE BORING MACHINE 





THE NORMAL CYCLE MAKES 
PROVISION FOR 12 
DIFFERENT SEQUENCES 

OF AUTOMATIC OPERATION. 


a That 


MACHINE TOOL 
EXHIBITION 
LONDON 1956 

OLYMPIA 


JOHN LUND LIMITED re 
ta: | 
EASTBURN WORKS, CROSS HILLS, nr. KEIGHLEY “”™™ 
TELEPHONE: CROSS HILLS 3211 (3 LINES) 
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The 


GLEDHILL-BROOK J-M-C 


PORTABLE 
-TIME RECORDER 


The Institution of Production Engineers Journal 














This handy, portable Time Recorder meets 
every requirement in small establishments 
but it is designed to supplement rather than replace the 
range of large scale GLEDHILL-BROOK Clipper models. 
The J.M.C. Clipper prints on the face of the card—where the name appears— 
recording arrivals, departures and the job process on and off. 

Well built steel case with cellulose finish and 8-day mechanical 


clock movement. ‘‘G.B.’’ patent electric movement if required. 


For full details and illustrated leaflet write to 


GLEDHILL-BROOK TIME RECORDERS LIMITED 
20 EMPIRE WORKS, HUDDERSFIELD. 








Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 


EDWARD PRYOR & SON LTD 


BROOM STREET - SHEFFIELD - ENGLAND 
PHONE SHEFFIELD 2316! (5 lines) 


Write for oun now free dacuptie loaplot 
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Pallet 
Conveyors 





Portable Conveyor 


Complete Telpher 
Installations 





ie Something 
Worth 


knowing 


Paterson Hughes Mech- 
anical Handling Systems 
are used in almost every 
industry in the world. 


Roller Conveyor Systems 


Overhead 


oe MN | 


~ 
tae RE EE 
+ psig 


Sand Conditioning Plant 


Overhead Chain Conveyors 


LONDON * BEDFORD HOUSE, BEDFORD ST., STRAND, LONDON, W.C.2 Phone TEMPLE BAR 7274-6 
$ AN T |: R S ( YN I | U (; J H }- \ BIRMINGHAM * 3 HIGHFIELD ROAD, EDGBASTON, BIRMINGHAM 15 * Phone EDGBASTON 2957-8 


ENGINEERING COMPANY 1 1iTED GLASGOW - WYNDFORD WORKS, MARYAILL, GLASGOW - Phone MARYHILL 2172-4 


SOUTH AFRICA * PATERSON HUGHES ENGINEERING S.A. (Pty) Ltd., P.O. Box 811 JOHANNESBURG, S.A 
MECHANICAL HANDLING ENGINEERS AND CRANE MAKERS 
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Ransomes platform Trucks are avail- 
able in many sizes, with or without 
elevating platforms. Send us your 
problem. Ask for Electric Platform 
Truck and Tractor Catalogue. 






ANN 
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; 
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Ransomes Forklifts 
are available in sizes 
from 10 cwts. to 2 tons and 
with many types of attachment 
= : hs | for handling all forms of load. Ask 
a aren eee for Forklift Catalogue. 


RANSOMES SIMS & JEFFERIES LTD., ORWELL WORKS, IPSWICH 
Telephone: IPSWICH 2201 















Durachrome treatment gives a surface of 
exceptional hardness (910/930 Vickers Dia- 
mond) which resists abrasion and corrosion. 
Cylinders, shafts, rams and all heavy duty 
components have a greatly increased life by 
Durachrome application of hard chromium. 
One part or production quantities can be 

treated. 


Estimates and full particulars from 














171-177, ILDERTON RD. LONDON, S.E.I6. 
Telephone: BERMONDSEY 2883-2884 






CHROMIUM 
SPECIALISTS 


(REGISTERED TRADE MARK ) 


rant} Qerachrome 
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These typical double cold bends 
show the remarkable ductility 

of Wrought Iron. Essentially 
fibrous in its structure, Wrought 
Iron possesses an exceptional 
toughness which gives it a high 
resistance to vibration and 

sudden shock—properties which it 
retains under severe 

cooling and heating stresses. 








Here is a face that says ‘danger’; but 
danger is not always so easily identi- 
fied. Today, and every day, humanlife 
everywhere depends on such hidden 
factors as the strength of a coupling 
ora cable chain. For equipment that 
carries such heavy responsibilities, it 
is safer to specify Wrought Iron. 
The toughness of Wrought Iron 
is unequalled. Besides withstanding 
shock and overstrain, it staunchly 
resists rust and corrosion. Contain- 
ing slag inclusions which reinforce 


LXXIX 


Wrought 


lron 


its own susceptibility to welding, it 
is for many purposes both safer and 
more economical than mild steel as 
a long-term proposition—especially 
under exposed or wet conditions. 
Wrought Iron in strips and bars 
and in a variety of sections is pro- 
duced at the Midland Iron Works 
for innumerable uses. We will gladly 
send you a free copy of our Section 
Book, and our technical representa- 
tive is at your service for consultation 
on any Wrought Iron application. 


The Midland Iron Co. Ltd 


MIDLAND IRON WORKS 





When 


replying to advertisements please mention 


ROTHERHAM 





MI.10 


the Journal 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method 





POSSILPARR GLASGOW: N 

















WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it isyou need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lrp. 


IPSWICH 


Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 
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THREE-WAY HORIZONTAL 
DRILLING MACHINE 





This machine is designed for the simultaneous drilling of three 
radially positioned holes. A fabricated steel base carries a 
central fixture, which holds the component for machining. 
The three Sentinel-Renault unit heads are mounted on 
standard cast iron bed extensions. The machining cycle 


is automatic and is push button controlled from the 
front of the machine. 
























































Sentinel-Renault unit heads are now 
available on very short delivery terms— 
have you written for your copy of our 
brochure illustrating their range and 
application? 


SENTINEL (SHREWSBURY) LIMITED SHREWSBURY 
TELEPHONE SHREWSBURY 2011 TELEGRAMS SENTNOLL SHREWSBURY 
es «6A METAL INDUSTRIES GROUP COMPANY ques 


S$S/32/3548 
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WITHOUT A SHADOWY 
OF DOUBT 


OPTICAL PROFILE GRINDER 


Magnification of work infinitely variable 10-50 times size. 






Hydraulic reciprocation of wheel spindle infinitely variable. 
Shadow of grinding wheel in constant focus. 
Full details on request. 


103 LANCASTER ROAD-LADBROKE GROVE: LONDON’'W°II PHONE PARK 9451/2 Rainbow 


PATENT CALIPER GAUGE “:* 


Each month one of the seven main advantages of this fine 
precision instrument will be described. 
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“a @ Many different gauging @ Can be used for either left 


fs positions can be obtained. or right hand threads. 
, @ The anvils are set so that * @ Particularly suitable for the 
they do not roll. gauging of acme forms of 
© All aad fi F thread. 
eliminated. = = ~Ss«@ ‘Can be supplied for “GO” 
Z only, or “NOT GO” only, or 
@ Particularly suitable for both “GO” & “NOT GO” 
gauging shouldered work. combined. 








NOTE THIS MONTH’S IMPORTANT FEATURE 





PARTICULARLY SUITABLE FOR THE GAUGING OF 
ACME FORMS OF THREAD 


Owing to the design of the anvils and the neat layout of the 
frame, it is particularly suitable for the gauging of ACME 
types of thread. 











Write today for a descriptive leaflet to:- 





|! THE HORSTMANN GEAR CO. LTD, J "tt: **"™ me 
NEWBRIDGE WORKS.BATH. ENGLAND. - 
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This operator is applying an insecticidal lacquer 
to the interior of a ship. The efficiency of the 
insecticide over a long period is maintained by 

the use of Beetle Urea Resin— 

a B.I.P. product—in the lacquer formula. 


This evening gown of nylon net has been treated 
with a Beetle Fashion Finish—a B.I.P. product 
—to impart a pleasing crispness durable to 
repeated dry cleaning. 








The complete front and other 


In textiles and transport, in lacquers and major bodywork components of this 
Midland Red bus are made from 

laminates, plastics today play their part. Their light, strong structural plastics 
J ’ mouldings. These are fabricated 

role may be contributory, it may be fundamental, from glass fibre impregnated 
ee ys 7s with Beetle Polyester Resin 

but the wonder of plastics is in their versatility, —a B.I.P. product. 


their infinite possibilities. Types and grades are innumerable, 


each with its own properties—and limitations—presenting a wide field of 


choice to the intending user. The leading plastics materials manufacturers B.I.P. Services 

maintain extensive consultative and development services, and none is The full resources of the BI.P. Research, 
Technical Development and Design Services 

better qualified to advise and assist than B.I.P. are freely at the disposal of manufacturers 


interested in the possibilities of plastics. 


Advice will gladly be given on any problem 
B.1.P. CHEMICALS LTD - Oldbury - Birmingham a ere 
Telephone: Broadwell 2061 : 


LONDON. OFFICE: 1 Argyll Street, W.1 - Telephone: Gerrard 7971 
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REDUCING VALVES for 
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CO2 


Simple, reliable, and comparatively inexpensive, the Blakeborough 







Class A2 Diaphragm Type Reducing Valve is giving excellent 
service on foundry CO, process lines, where it provides 
efficient means of breaking down the pressure to local 
distribution points. The valve has a bronze body and is supplied 
in a range of sizes from }” to 1” bore, with screwed connections. The 
maximum pressure rating and range of reductions available amply 


cover all regular requirements. 


BLAKEBOROUGH 





J. BLAKEBOROUGH & SONS LTD., BRIGHOUSE, ENGLAND 

















WE CAN ONLY SHOW 
BY COMPARISON 


JUST HOW SMALL WE CAN MAKE 
MINIATURE PRECISION BEARINGS 


We can only show by comparison just how small 
we can make miniature precision bearings — and 
this isn’t the smallest. 

If your products involve shafts and pivots as 
small as 0.040” dia. then we can supply a B.M.B. 
miniature precision ball bearing which will ensure 
greater efficiency. 

A full range of types is available in sizes up to 
fs” O.D. both in English and metric sizes. 

Our technical staff will be pleased to co-operate 
with you on all problems relating to our miniature 
ball bearings. 


of 2// 
WRITE FOR LEAFLET No. 538 TO:- BD S+6-1/t seus seuumec AGENTS FOR: 


BRITISH MANUFACTURED BEARINGS CO. LTD. 
DEPT. 19, ‘‘ BOSCOBEL”, HIGH STREET, CRAWLEY, SUSSEX 
"PHONE : Crawley 1030 (6 lines) TELEGRAMS : Briman, Crawley 




















The Institution of Production Engineers Journal 





yare> 
porse® = 
office * 
sales 
OBVIOUSLY 
‘B.W.’ HOT OIL CIRCULATORS 


An efficient and reliable self-contained 
unit for providing and transferring heat 
uniformly at low pressure and regulated 
temperatures to about 500° F. Many 
applications in the Plastics, Rubber and 
Chemical Industries. 


NN A 
endorser s4asle 
AM re) 





Informative literature 
is available. -- 
Send us particulars of 
your requirements. 








YOU MUST CONSULT BARLOW-WHITNEY 


‘B.W.’ MELTING POTS & TANKS 


The ‘B.W.” range of small standard 
electrically heated equipment includes many 
portable bench type units for heating glues, 
waxes, white metals, etc. Temperature 
control ensures maximum efficiency and 
economy. Larger versions also available. 


*‘B.W.’ CONVECTION OVENS 


Drying, pre-heating, stoving, curing, vul- 
canising, etc. —these are some of the many 
applications covered by the wide range of 
*B.W.” auto-controlled Ovens, large and 
small, available with or without forced air 
circulation. 
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SEND_SAMPLES 

of your products to the 
Polymotion research and 
experimental department. 
We will process them and 
report on their suitability 
for barrel finishing. 

We also offer a_ barrel 
finishing service. 


was probabiy known in ancient Egypt and has been used throughout the 
centuries with little improvement in technique until Polymotion was developed. 
Polymotion has made barrel finishing a precision operation by the introduction of a 
‘ figure-of-eight ’ motion to the rotary smooth rolling of media and parts. 

More efficient, working faster and better, the Polymotion machine processes bigger 
work loads more economically. 

Whether deburring, surface-honing or preplate finish is required, the versatility of 
the Polymotion Method adapts the process to the problem. 

Write for brochure which fully explains Polymotion and its varied uses 


Polymotion 


BARREL FINISHING MACHINES 
ae 




























FOX CHEMICAL ENGINEERING WORKS LTD., : 
Maybury Gardens, Willesden High Road, Willesden, N.W.10. 
Telept.one: Willesden 620! 





Scottish Representative: 
Angus and Crichton (Sales) Lid., 203, West George Street, Glasgow, C.2 








[an OR 5 ae = a OP = @ - 8 IB 3% 


ae Ss on Gg + 


P. B, COW & COMPANY LTD. RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. INDUSTRIAL DIVISION: 470 STREATHAM HIGH ROAD, LONDON S, W.16. PHONE: POLLARDS 4481 
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No cold feet here... 


Now what have children’s feet to do with Crompton 
Parkinson Stud Welding? You’d expect them to be 
the last things with anything in common! The 
word ‘last’ provides the connection! For these 
rubber boots were made on lasts which were 
Crompton Parkinson Stud Welded. 

Almost daily a new way is found for stud welding 
to show an advantage of some kind to industry. 
Whether your business be shipbuilding or 
shoemaking, textiles or transport, stud welding 


. 
(rompton Parkinson can help you make a. better job more economically 


— No need for cold feet when tackling knotty 
1-3 BRIXTON RD., LONDON, 8.W.9. Telephone: RELiance 7676 production problems if you consult— 








THE STUD WELDING ORGANISATION 


When replying to advertisements please mention the Journal 
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. iM DIE-CASTING TOOLS «¢ 


- 
EY PLASTIC MOULDS - & : 
* yy SPECIAL TOOLS CRRERS 
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JIGS AND FIXTURES BY 
UNIVERSAL TOOLS LTD 


TRAMWAY PATH, MITCHAM, SURREY MiITcham 6111 















All kinds of 
SPECIAL PURPOSE 
MACHINERY 





We at Sheepbridge Equipment 
Limited have a wide experience 
of manufacturing most types 








of machinery. Our facilities 
for manufacturing machines to 
rigid specification are second 
to none. No job is too large 
or too difficult for us to 
tackle. Let us quote for your 
requirements for precision built 
machines. 








SHEEPBRIDGE EQUIPMENT LIMITED 


(One of the Sheepbridge Engineering Group) 
CHESTERFIELD ENGLAND 
©A/3330 ——— 
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making... 


SAN ESTEBAN 


A major contribution to Spanish hydro- 
electric development is the erection of 
19 power stations, comprising a total 
capacity of 845,200 kVA, which are 
eventually to be constructed for the 
Salto de Sil, S.A.. The electrical 
equipment for the San Esteban station, 
the largest of the group, is being 
supplied by Metropolitan-Vickers. The 
total capacity for this station will be 
300,000 kVA, and the M-V contri- 
bution to this consists of four 75,000 
kVA A.C. Generators, together with 
the transformers and switchgear. 


Stator of the 75,000 kVA 214 r.p.m. vertical generator. 
One of four ordered for the station. 


The rotor of the 75,000 kVA vertical generator. 


Assembly of thrust bearing bracket 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTO TKAFFORD PARK MANCHESTER, 17 


Member of the AEI group of companies 


Leading Electrical Progress 


When replying to advertisements please mention the Journal 
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RUSSELL 


The Russell Hydrofeed range 
includes : 











e Straight and angular cutting 

models ¢ Automatics ¢ Verticals 

e@ Special Billet cutting models 
Patented Features : 


@ Interlocking Vices — for easier 
setting ¢ Hydraulic Circuit — 


for efficient cutting “ SAW 
SHARPENING 
MACHINE 
Capacity 
Hl” to 48" blades 
S. RUSSELL & SONS LIMITED * “HYDROFEED’ 
LEICESTER, ENGLAND COLD SAWING 


Backed by over 40 years’ specialised experience MACHINE 


futormatt 


bar feed 





This is an important 
grease point 


The designer puts grease points there for an important purpose, so see to it 
(1) they are given attention regularly (2) only the correct grade of grease is used. 


It pays to ask for ALMARINE, in grades which are equally suitable for grease 
guns or automatic grease systems and are available in qualities upon 
which you can implicitly rely. 


The latest edition of our booklet “ Machine Tool Lubrication ” is now available. 
May we send you a copy ? 


VETA - for hydraulic 
systems generally 
GENA -the machine tool 
lubricant 
ALMARINE - for all 
grease points 


Wachine Too! Lubricants 


FLETCHER MILLER LTD - ALMA MILLS - HYDE 





* CHESHIRE 
MTL30 
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split 


second 
controllability 


O simplify the *doffing 

operation on the Howard 

& Bullough ring spinning frame 

a Warner Electric Clutch-coup- 

ling and two Westool Solenoids 
have been installed. 

By means of this Warner 
unit and Solenoid combination 
elaborate mechanical gears are 
eliminated. This is one more 
process hitherto unobtainable 
within economic limits that 
Westool/Warner equipment has 
now mde commercially 
possible. 

Complicated machines are 
given a new controllability and 
split second timing with the 
introduction of Warner clutch- 
brakes. Maybe you too could 
benefit from Warner equipment 
— ask us. 





a 
co 


a 


twit 


sae FREET! es 


* Doffing is the trade term 
applied to the process of 
finishing off and remov- 
ing full bobbins of yarn 
from spinning frames or 
similar operations, 





oe 
—" 
: > 


‘ 


(Photograph reproduced by permission of 
Howard & Bullough Ltd., Accrington), 


WARNER 





Warner Electric Brakes and Clutches are manufactured in Great Britain under licence by: 


TSS (010) ST. HELEN’s AUCKLAND, CO. DURHAM 


-smit res Telephone: West Auckland 317 (6 lines) Telegrams: Solenoid, West Auckland 


Westool also make Coils, Coil Winding Machines, Transformers, A.C. & D.C. Solenoids, Grinders, Motors, Air Conditioners, etc. 


Tib.33 
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HEADS FOR HORIZONTAL AND 
VERTICAL GRINDING WITH THE 
BROCKHOUSE UNIT GRINDING 
HEAD AND TRUING DEVICE. 


%* Easily adaptable on most standard machines. 
% Rapid and accurate. 
% Slideway Grinding Enquiries invited. 


On view at the 
International 
Machine Tool 

Exhibition, 
Stand 515, Olympia 
June 22 - July 6 





Write for descriptive folder to : 


J. BROCKHOUSE & CO. LIMITED 


Machine Tool Division 
ELMS WORKS : PENN ROAD : WOLVERHAMPTON 


Phone: Wolverhampton 23801 


SETTING 


= SPECIALISTS IN | 
“| MACHINE TOOL | 
' REBUILDING = 





power ‘take-off’ every 2 feet 


Manufactured for use with machine — 
tools up to 74 h.p. the “ Minibus” 
system ensures maximum flexibility 
without the danger and inconvenience 
of temporary or makeshift electrical 
connections. A power take-off point 
every two feet allows machines and 
equipment to be moved and re- 
arranged entirely at will. Ideal for 
Tool Rooms, Test Bays and Hosiery, 
Textile and Clothing factories. Avail- 
able for 3-phase, 3- and 4-wire 
supplies. 


MINIBUS 


distribution system 


Photo by courtesy of! N. Corah & Sons, Ltd., Leicester ; ‘ P1630 


E.M.S. ELECTRICAL PRODUCTS LTD 28-32 THE BUTTS COVENTRY Tel Coventry 61091-2-3 Grams Dispatch Coventry 











The 








Sc 
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1 he leading manufacturers 
of spark machining equipment 
now introduce their latest 


> 


4: 
iy 
po 


/ ; 








SPARCATRON 


means perfection in the field of spark 


machining with faster cutting, 
automatic control, ease of operation 
and a high degree of precision 
for all forms of die-making. 
Manufactured by 

IMPREGNATED DIAMOND PRODUCTS 


LIMITED 
GLOUCESTER * ENGLAND 


Sole Agents for the United Kingdom - BURTON, GRIFFITHS & CO. LTD 


When replying to advertisements please 


mention 


Mk III Model 








65 KW 


KITTS GREEN 


the 


Journal 





BIRMINGHAM 
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SUPER CENTRE 

A permanent Hardened and Ground Socket 
with RENEWABLE HIGH SPEED STEEL 

INSERT. Standard inter-changeable 

inserts enable centre to be 
quickly replaced. 


STANDARD SOLID CENTRES 
Precision ground to give 
perfect concentricity. Tapers to 
standard gauges. Made in High Grade 
CARBON ALLOY STEEL, or HIGH 
SPEED STEEL BUTT WELD 


ARCHER 


BALL & ROLLER BEARING TYPES 


REVOLVING CENTRES 


All types of centres are made from the best grade 
: steel, and are designed to give greater efficiency. 
ARCHER Take higher speeds, and remain true under the most 
REVOLVING CENTRES strenuous conditions of present day engineering. 
ASK FOR LISTS NOS. 50B and 85 







Revolve with the work 


* 
and can thus stand up to the 
vowweeasw'esre FRANK GUYLEE & SON LTD 
work demanded by modern 

engineering practice. ARCHER TCOL WORKS * MILLHOUSES - SHEFFIELD - 8 





The most practical plant 
for Cleaning METAL PARTS 










A ‘Junior’ type machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE - GREASING 
AND CLEANING 
MACHINES 


A Rotary Drum machine for removing swarf and 
grease from small components. 








pplied ing of T A model ‘A’ chine, washi of 
os by Se eS “Ree oe an auiee outer to yo = — 
Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small number of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 


Sole Distributors 
DRUMMOND - ASQUITH (Sales) LTD., King Edward House, New St., Birmingham 
Telephone—Midland 3431 


Manufecturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South, Wood- 
Tel.—Cleckheaton 1080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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FOS PREC Tat Gas WORK 


TALYSURF 


SURFACE MEASURING INSTRUMENT 


a. | 


met 








Recognised as the STANDARD 

Instrument for the measurement 

of SURFACE FINISH. The 

TALYSURF Instrument will by 

graph or average meter quickly 

give the roughness character 

and C.LA. reading of flat or 

cylindrical or internal surfaces. 

By adding the DATUM 

ATTACHMENT, surfaces such as 

ball and roller races, gear teeth, 

etc., can be checked. Vertical 

Illustration shows Model 3 Talysurf with Datum Attachment magnifications are provided in 
set up for measuring the surface of gear teeth steps from 1,000x to 50,000x. 

A Member of 


TAYLOR-HOBSON 


100x or 20x. 
TAYLOR, TAYLOR & HOBSON LTD ' LEICESTER ; ENGLAND INDUSTRIES LTO. 








When replying to advertisements please mention the Journal 
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STORAGE 
SPRAY 
JACKETED 
CHEMICAL 
MIXING 
HEATER 
LEAK TEST 
COOLER 
REACTION 
LINEN 
SEPARATOR 
HYDRO 
ROAD WAGON 
CONDENSE 
OIL 

ACID 

FUEL 
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TANKS and : 
VESSELS 


of all types for all purposes 


We offer an unequalled service in the design and fabrication iene 

of this highly specialised class of equipment. If you have VACUUM 

any problem involving bulk storage, handling, conveyance or FILTER 

processing of liquids at normal or maintained temperatures, MIXING 

it is possible that we could save you considerable worry, REACTION 

much time and money. ACID 
JACKETED 





Wy B: B AWN BYRON WORKS, BLACKHORSE LANE 
LONDON, E.17 - LARkswood 4411/4 


& COMPANY LIMITED 


































Milling Machine 


with speeds from 30-3000 r.p.m. 


This is an entirely new development in 
machine tools, designed to fill the need for a 
fast versatile Miller capable of intricate milling 
oferations on large comporents in non-ferrous 
and ferrous metals. Primarily designed for the 
economical machining of complicated metal 
patterns it has an equally useful application in 
the Machine Shors for a big variety of face 
milling, profi'e milling, contouring for die sink- 
ing etc., Spindle speeds range from 500 to 3000 
r.p.m. and by the addition of cap heads speed 
ranges as low as 30 to 180 r.p.m. are available. 


Telephones: Leicester 67114 : MAYfair 7048-9 
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Save the “BROOMWADE” way 












USE 
BROOMWADE’ 
PNEUMATIC TOOLS 





SRIO 
Backfill 
Rammer 












Proved money savers 
on world’s largest projects 





RBS55S 


Road Breaker 











NV25 


Concrete Vibrator 





















| 5S Sump Pump 


IMMEDIATE DELIVERY 


















v60 


Concrete Vibrator 








BROOM & WADE LTD. 


P.O. BOX No. 7, 
HIGH WYCOMBE, ENGLAND 


Telephone: High Wycombe 1630 (10 lines) 
Telegrams: “Broom”, High Wycombe 





CDS Spade 











397 SAS 
When replying to advertisements please mention the Journal 
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SINGLE SPINDLE AUTOMATICS 


The mg, 














% Reduced Floor Space 

% Simple set-ups for short runs 
%* Accuracy and Rigidity 

* Standard Collets 

%*% Bed Guide Bars hardened & ground 


Please ask for demonstration and quotation 
on these precision but low priced automatics 

























SEE THIS MACHINE On| CAPACITIES: 
STAND 45, GRAND HALL 19” 13” ‘ 5” 
NS International Machine Tool Ex- esha sos = = | — }> 
here hibition, June 22 to july 6, 1956, 32 16 
ho” Olympia, London, Grand Hall, 
wha da EARLY DELIVERY 








; A few examples of the wide 
= range of components which 
can be manufactured on the 
TRAUB. 
Vertical double slide rest 
and double drilling attach- 
ment, 





Model A15-A25 
with built-in 
thread cutting attachment 


Sole Selling Cgenit Our Showrooms are only a few minutes from London Airport. j Fal = 3 


o Niattine Fe timpuny Lindid 
WALT TA, ROAD WEST- HANWORTH - FELTHAM - MIDDLESEX 
yne: FELTHAM 4266 ibles & Grams: SHIPMENTS, FELTHAM 











_—= RADYNE 


ONLY 2ft 6ins Wide t 
Ife 9Zins Deep 2ft OF ins high 


RUGGED CAST CASE ololoum4y 
VALVES RUNNING AT 

HALF RATING FOR LONG 

LIFE 


RATED TO B.S. 1799 
- kW Bench 
ott Wikis trem Induction heater 








radio heaters Itd 


WOKINGHAM «+ BERKS +. ENGLANC 


HAVE YOU HAD YOUR COPY : ance toes 
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SKO DA Heavy Duty Vertical 


BORING AND TURNING MILLS 

















BRIEF SPECIFICATION 


SK.40 SK.50 These machines are intended for the heaviest turning 
operations, to satisfy the most exacting demands of 
production for high output. Outstanding features are: 


Maximum diameter of turning 
with Side Arm wr ws 
Maximum diameter of turning 

with Side Arm lowered @ INFINITE SPEED VARIATION 
below Clamping Plate Z<=e_ ss" 
@ RELEASING AND CLAMPING OF CROSS RAIL OPERATED 


Diameter of Table 12’4” 15°7" BY PUSH-BUTTON CONTROL. 

















@ CONTROL OF ENTIRE MACHINE BY PUSH-BUTTONS FROM 
CARRIAGES AS WELL AS REMOTELY FROM CONTROL-DESK 


@ GEARS MANUFACTURED OF SPECIAL STEEL, HARDENED 
Sole AND, WHERE NECESSARY, GROUND 


Selson Ven oo 0) Oren Brae! 


WORKS, CHASE ROAD, NORTH ACTON, LONDON, N.W.10 600 


GROUP 


gar 4000 es) TelegramS: setsomachi, lo 


$$11/SMT/178 











UNIVERSAL 
MOUNTING 
TYPE 


me = REDUCTION 
witH 11", 13° GEAR UNITS 


and 2)” CENTRES 


The ‘Motogear’ ‘J’ Type Universal Mounting Worm Reduction Gears represent 
the latest addition to our existing range of gear units. 

They are of robust design and capable of transmitting up to 24 h.p. depending on 
the ratio and input speed. They are ideally suited for use with fractional h.p. 
motors and can be mounted in any desired position. 

There is a wide choice of standard ratios (5 to 60 : |) available and non-standard 
ratios can be supplied where required. 

Comprehensive literature giving complete specifications will be gladly forwarded 
on request. 


MOTOR GEAR & ENGINEERING CO. LTD. 


ESSEX & CORONA WORKS - CHADWELL HEATH - ESSEX - Phone: Seven Kunnes 3456-7745 (lO Lines) 


= —— 
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The driver of the night express must 
show the same power of concentra- 
tion, the same steady sense of duty 
‘all along the line’ and so witha YCOL 
casting if your reliance is to be ‘well 
founded’. Made in a foundry planned 
for quality production, close super- 
vision is maintained ‘all along the line’ 
from melting to the finished casting. 
Non-ferrous sand castings up to one 
ton in weight—in gunmetal, phosphor 
bronze, manganese bronze, aluminium 
bronze and aluminium alloy — with 
a reputation for purity, uniformity 
and durability. 

Illustrated is an open-sided 
impeller casting. 





reliance on always well founded 


WHYTE & COLLINS LTD. KELVIN WORKS FENTON STOKE-ON-TRENT 










When rivet spinning 
is not feasible... 


and a really tight joint 
is required... 

For example in the riveting of 
pliers, edge tools, and various 
items of building hardware. etc. 
This machine heads _ rivets 
close up against an angle or 
shoulder in the components. 
Rivets may be headed tight or 
loose simply by adjusting the 
machine setting and type of 
tools used. Suitable for cold 
riveting in all sizes from 1/8 in. 
to 3/4 in. in mild steel. All 
machines are built to with- 
stand continuous heavy duty 
operation. 


Rotary Vibrating 
RIVETING HAMMERS 


R.H. 38 M.D. Standard Machine 
3/8 in. capacity 


T UR Ni E R demonstration. 


Full technical 
advisory service 


MACHINE TOOLS LTD eS ~~ 
63-68, PRINCIP ST., BIRMINGHAM. 4 —=aanmasha 








curfisinen 


SPURS -SPIRALS-BEVELS 
WORMS « WHEELS 


RELIANCE GEAR & ENGINEERING 
CO. (SALFORD) LTD 


SPRINGFIELD LANE 
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Lang Pneumatic Control 
Equipment is the simple answer 
where operational sequences using all 
forms of machinery are involved. Compact, simple 
to operate, it brings more functions within the reach 
of a single operator; enables greater use of semi-skilled 
labour; and eliminates the human error which so often 
accompanies independently controlled sequences. There is 
hardly a precision tool or function in industry to which it cannot 
beapplied. With its simplicity, ability to withstand heavy continuous 
operation and its multi-purpose based on standard components, 
Lang Pneumatic is the product of many years active 
collaboration with Production Engineers. Lang Pneumatic 
Control Gear is entirely non-corrodible and every 
part is made from stainless steel or non-ferrous 
metals. Over 700 major industrial concerns 
in this country alone employ Lang 
Pneumatic Control Gear. 


Production of this clevis pin 
under Lang contro! was doubled 
with half the labour used on 


manual operation of machinery. 


LANG PNEUMATIC CONTROL EQUIPMENT 


entirely non-corrodible 





ee —“~LANG PNEUMATIC LTD 


VICTORY WORKS BIRMINGHAM 


ROAD WOLVERHAMPTON Tel: 25221:2°3 
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| ‘ 
| ) BETTER TO HAVE ! 
, INSTALLED UDAL | 
. PRESS GUARDS... 

: 


Fatigue and familiarity lead to accidents. This is a slight 
one, but it might have been serious. The answer is to 
install Udal Fastrip guards, synchronised for split-second 
timing so that speed is not sacrificed to safety.’ 

Send for details today. 


J. P. UDAL LTD. 


Interlock Works. 
Court Road, Birmingham, 12. 


LL 


Telephone : CALTHORPE 3/14 


PRESS GUARDS 
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VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 





@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 

@ ARE EASY TO INSTALL 

@ SAVE MAINTENANCE TIME 
AND COST 

@ ISOLATE LOADS UP TO 
4 TONS PER SQ. FT. 

@ ELIMINATE CUMBERSOME 

FLOOR FIXINGS 









Standard Size 
18” x 18x 4” 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W68. 


PHONE: MAIDA VALE 7374 & 7375. "GRAMS: VULCASCOT MAIDA VALE LONDON 











WOOLWICH 
POLYTECHNIC 


Department of Commerce and Management Studies 


The following 
SHORT FULL-TIME MANAGEMENT COURSES 
are offered for the Session 1956/57: 


PRODUCTION PLANNING AND CONTROL — 3-week courses 
For Production Planning and Control Executives. 
No. 1. Commences Monday, 29th April, 1957, to Friday. 
17th May, 1957 


INDUSTRIAL ENGINEERING (WORK STUDY)—4 week 


courses 

Concentrated Practical Courses for Executives and Supervisors. 

No. 1. Commences Monday, 24th September, 1956, to Friday. 
19th October, 1956. 

No. 2. Commences Monday, 19th November, 1956, to Friday, 
14th December, 1956. 

No. 3. Commences Monday, 4th February, 1957, to Friday, 
Ist March, 1957. 


INDUSTRIAL RELATIONS & PRODUCTIVITY FOR TRADE 
UNIONISTS — 4-week courses 
Courses for Trade Union Officials and Shop Stewards. Members 
for these courses may either be sponsored by Trade Unions or 
by Industrial Firms (usually in consultation with Trade Unions). 
lo. 1, Commences Monday, 22nd October, 1956, to Friday, 
16th November, 1956. 
No. 2. Commences Monday, 7th January, 1957, to Friday. 
ist February, 1957. 
No. 3. Commences Monday, 18th March, 1957, to Friday, 
12th April, 1957. 


FOREMANSHIP & HUMAN RELATIONS — 2-week courses 
For Foremen or Potential Foremen. 
No. 1. Commences Monday, 4th March, 1957, to Friday, 
15th March, 1957. 


WORK STUDY (PRACTITIONERS) — 6-week course 
Concentrated Practical Course for Training Work Study 


Specialists 
*No. 1. Commences Monday, 20th May, 1957. to Friday, 
28th June, 1957 


*Excluding Whit Monday and Tuesday, 10th and 11th Jane, 1957. 














BRISTOL AERO-ENGINES LIMITED 
have vacancies for DRAUGHTSMEN with 
good General Mechanical Engineering ex- 
perience in their newly opened London 
Test Plant Design Office. This isa first class 
opportunity to join one of the teams en- 
gaged onthe design of Plant for the testing 
of the world famous Bristol Engines. 


* 


Write to: The Chief Draughtsman, Bristol 
Aero-Engines Limited, Blenstock House, 
Blenheim Street, LONDON W'1, quoting 
ED/82/JP giving experience, age, present 
salary and preferred time of appointment. 








BRISTOL 























Th 
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THE LATEST TECHNICAL AND PRODUCTION NOVELTIES 


of the Czechoslovak engineering industry 
will be exhibited and demonstrated at the 


Il. Czechoslovak Engineering Exhibition 


Brno 8th to 30th September 1956 











When replying to advertisements please mention the Journal 
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